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SUGAR DISTRIBUTION IN PLANT TISSUES COOKED 
IN SYRUP*” 


CLARENCE STERLING anp C. O. CHICHESTER 
Department of Food Science and Technology, University of Ca 
Davis, California 
(Manuscript received February 17, 1959) 
During a study (3) of the penetration of maltosaccharides into canned 
g ) I 

cling-stone peaches, distribution of the radioactive sugars was followed by 
using the method of autoradiography. According to that study, sugar pen 
tration into the fruit occurs “in mass.’”’ However, higher concentrations of 
sugar were found in the vascular bundles than in the neighboring paren 


chymatous tissues. 
Because of the intrinsic theoretical value, it was found desirable to investi 
he radioactive sugars. It would be 


gate the precise cellular distribution of t 
of interest to know if this distribution were random or localized 


MATERIALS AND METHODS 
lear track plates of an earlier investigation (8) were studied. 
peaches were peeled manually and cooked in a 


30% syrup of glucose in distilled water. A small amount of the glucose was radioactive 
with carbon-14. Segments of the peaches were prepared for autoradiography, and nuclear 
track plates were exposed to thin sections of these segments (8). In addition, the exposed 
ot sugar penetration by Hughes et al 


Microscope slides and nu 
In that investigation, fresh cling-s 
1 


ton 
toOn¢ 


plates and sections used in the study 1 (3) were re 
examined. Photomicrographs were mad he peach sections and their autoradiogra 


RESULTS AND DISCUSSION 
When a close examination was made, it became apparent that cellular 
lines were rather distinct on the autoradiographs (Figs. 2, 4, 6, 
cooked peaches. Corresponding regions of the unstained peach sections are 
On careful inspection, a point to point agree 
ment of cell configurations becomes obvious. Note that the cell lumen is much 


given in Figures 1, 3, 5, and 7. 


lighter than the cell wall in the autoradiographs. Note also that the 
cellular spaces likewise show much lower radioactivity than do the cell 
Generally, the vascular bundles have the highest concentration of r: 
active sugar. (The nuclear track plate of Figure 8 has been somewhat over 
exposed.) However, the sugar is not abundant in the lumina of the vascular 
cells. In the autoradiograph of the tracheary element in Figure 4 (at arrow), 
In Figure 8 (at arrow), 


the far greater sugar concentration is in the cell wall. 
has been 


g 
there is shown the autoradiograph of an intercellular duct, whicl 
created by cellular lysis in the center of a vascular bundle. The duct 
radioactive. Nevertheless, the cell walls surrounding the duct are regions of 
strong radioactivity. 

It could be supposed that sugar particles, derived from syrup in the cell 


lumen, might be deposited on interior cell surfaces during lyophilization 


M eakly 


* This study was supported, in part, by a grant-in-aid from the American Maize 
Products Company. The authors wish to express their appreciation for this help. 

» Presented at the Nineteenth Annual Meeting of the Institute of Food Technologists, 
Philadelphia, May 18, 1959. 
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Figures 1, 3, 5, 7. Sections of peach tissue cooked in syrup which contained radio- 
active glucose. These are photomicrographs of unstained tissue embedded in parlodion. 

Figures 2, 4, 6, 8. Corresponding autoradiographs (on nuclear track plates) of the 
sections shown in the odd-numbered figures to the left. Localization of radioactivity in 
the cell walls is especially to be noted. Figures 1-6, x37. Figures 7, 8, x 15. 
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or subsequent microtechnical manipulation. In this way, unsupported sugat 


»]- 
la 


materials would lie against the cell wall and thus give that structure its re 

tively greater radioactivity. Although this may occur in part, the evidence 

suggests that these play a small role in the radioactivity accumulation in the 

cell wall. Firstly, the cell walls about large intercellular spaces have no more 
} 1, 


pronounced activity than other cell walls. Secondly, the cell walls of 


elements, although surrounding relatively smaller lumina than pare 
cell walls, have a much higher radioactivity than the latter. Moreover, al 
though the vascular cell walls are considerably thicker than parenchymatous 
walls, they are still radioactive throughout. It is also to be noted that, the 
thicker the cell wall, the greater is its radioactive density. As a final point, it 
can be seen that radioactivity does exist in the cell lumen, indicating the pres 
ence of sugar particles there 


11) 


Consequently, it is apparent that radioactive glucose tends to accumulate i1 
the cell walls in cooked peach tissue. Similar radioactively intense areas, pat 
ticularly with respect to the vascular bundles, may be seen in nuclear tracl 
plates made from sections of canned cling-stone peaches (3). Since most of 
these plates proved to be considerably under exposed, they did not clearly 
reveal the cellular relationships described above 

That sugars may be adsorbed by cellulose, pectic substances, and othet 
polysaccharides of the cell wall is not entirely unexpected. Even in cellulose, 
with most of the available hydroxyl groups well established in crystalline 
micelles (7,5), there are still some reactive groups available for hydrogen 
bonding. These exist at the surfaces of the micelles and along non-crystalline 
regions of molecules. The presence of such reactive groups explains the 


?), its affinity for amylose 7.9) and 


limited water sorption of cellulose / 

very likely for other hydroxyl-containing compounds, sucl 
highly crystalline polysaccharides, such as pectic materials ani 
would have even greater sorptive capacity than cellulose 


\ccording to Kerr and Severson (4), cotton will adsorb amylose to the 


extent of 1% of its own dry weight. The various shorter-chain derivatives 


of amylose (including glucose) would be expected to be similarly adsorbed on 


} t} 


cellulose and other polysaccharides. In this light, the hig! mecentration 


sugar in the walls of vascular elements becomes comprehensil ry] thi 


ened walls have a larger number of polysaccharide molecul 

bors. Thus, they present a much greater surface of reacti 

to the solution. Thickened walls in epidermal and hypod 
I 


sclereids should also adsorb significantly large amounts of 


Che concentration of sug: 
intercellular spaces may be 
sugar in the ambient solution 
the lumina of parenchyma cells, the 
radioactivity than does the ambient solution 
occurs against a concentration gradient. It is proba at adsorpti umu 
lation of sugar is an important factor in the diffusive movemet sugar into 
a canned fruit. It may be expected that sugar molecules will be absorbed 
the cell wall until the tendency of a sugar molecule to be adsor] uals 


tendency to move oft into the solution 





CLARENCE STERLING AND C. 0. CHICHESTER 


SUMMARY 


Microscopic sections of peaches, which had been cooked (or canned) in 
syrups with radioactive sugars, were compared with autoradiographs made 
from these sections. Radioactivity was localized principally in the cell walls of 
the peach tissues. Thicker cell walls (in the vascular bundles) had a higher 
concentration of radioactivity than did thinner ones. These data indicate an 
adsorption of the sugars by the cell wall, probably against a concentration 


gradient. 
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SOME EFFECTS OF SUGARS ON THE BREAKDOWN OF 
PELARGONIDIN-3-GLUCOSIDE IN MODEL 
SYSTEMS AT 90° C#> 


IAN J. TINSLEY‘ ann A. H. BOCKIAN 


Oregon State Coll je, Corvallis, Oregon 


(Manuscript received February 9, 1959 

It has been demonstrated that the three most important factors whic 
determine the rate of breakdown of pelargonidin-3-glucoside, the majo 
anthocyanin of strawberries, are pH, temperature and the presence of oxy 
gen (6, 9). Ascorbic acid has a marked effect and sugars also contribute 
to the breakdown of this pigment (9). 

Since sugars are present at such high concentration in many strawberry 
products and since there is a variety of sugars available for use in the 
preparation of these products, it was considered advantageous to study 
the effects of sugars on the rate of pigment breakdown. Meschter (9) has 
observed the rate of strawberry pigment degradation in the presence of 
different sugars at 38° C. Sugars such as arabinose, levulose and sorbose, 
which are relatively labile, produced a higher rate of pigment degradation 
than the more stable sugar maltose and the sugar alcohol sorbitol. The 
sugar degradation products, 5-hydroxymethylfurfural and furfural also in 
creased the rate of degradation. Further work in model systems by Mac 
kinney, Lukton and Chichester (7) showed fructose to be more active 
than sucrose. These workers also demonstrated an added effect in a sugat 
amino acid system which was presumably due to the interaction of the 
sugar and amino acid. It has thus been suggested that sugars are active 
in the form of their degradation products in affecting the rate of pigment 
degradation and amino acids act by accelerating the production of these 
breakdown products. Decareau, Livingston and Fellers (2) have made 
some observations on the rate of loss of pigment in strawberry jellies 
Contrary to expectation, replacement of sucrose by fructose increased the 
half life of the pigment 

The studies reported in this paper have been designed to investigate the 
effect of different sugars on the rate of degradation of pelargonidin-3- 
glucoside at 90° C incorporating such variables as pH, sugar concentration 
and amino acid interaction. A temperature of 90° C parallels processing 
rather than storage temperatures. An effort has been made to evaluate 


the relative importance of the factors associated with the degradation of 


the major pigment of strawberries 


EXPERIMENTAL PROCEDURE 


Preparation of pelargonidin-3-glucoside. Pelargonidin-3-glucoside was obtained from 


strawberry juice using the procedure described by Sondheimer and Kertesz (14 Phe 

“Technical paper No. 1197, Oregon Agricultural Experiment Station. This researc] 
was financed in part by a grant from the Sugar Research Foundation, Inc. 

» The data are from a thesis presented to the Graduate School of Oregon State 
College by Ian J. Tinsley in partial fulfillment of the requirements for the degree 
Doctor of Philosophy. 

* Department of Agricultural Chemistry, Oregon State College 
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crude product was converted to the picrate which was purified by recrystallization from 
hot dilute picric acid. The recrystallization was repeated 4 times. The anthocyanin 
chloride was precipitated with anhydrous ethyl ether from a solution of the picrate 
hydrogen chloride. A final yield of approximately 700 mg of the 
lin-3-glucoside was obtained from 30 lb of strawberries. 


in 5% alcoholic 
yurified pe largoni 
Paper chromatograms of the pigment using a solvent system composed of equal 


volumes of n-butanol and 27% acetic acid showed only one spot, the Rf of which 


orresponded t hat reported in the literature for pelargonidin-3-glucoside (3). The 
spectrum of this preparation and that reported by Sondheimer and Kertesz (14) for 
} ide agree closely at all wave lengths from 220 to 570 mnic. 


] 1 
pelargonidin-3-glucos! 


Preparation of 5-hydroxymethylfurfural. A sma 
} 


1 quantity of this compound was 


pared the method described by Haworth and Jones t 

Estimation of pelargonidin-3-giucoside. The method described by Sondheimer and 
13) w estimation of pelargonidin-3-glucoside. Aliquots of 

mixture at pH 3.4 were withdrawn and added to an aliquot of citrate 

was adjusted so that dilution to the required concentration 


2.0 and 3.4 measured with a Beckman Zeromatic pH meter. 


3 was used for the 


t t 


to pH 2.0 it was necessary to allow at least an hour tor 


to equilibrium. Failure to do this resulted in considerable error 


is pH effect was not observed in samples made 


here » interferi lored products were produced, thx 
it 13.4 w ised to determine the pigment concentration 


I 
it 440 mine indicated 1 production of interfering pigmen 


due to browning reactions. 
Measurement of the pK of the equilibrium between the benzopyryliium salt and 
the pseudo-base form of pelargonidin-3-glucoside. The pK of this reaction at 86°C 
ri ed using the method described by Sondheimer 12 Pelargonidin-3 


¢ 
l I t 


dissolved in solutions of hydrochloric acid, the pH oi 
bance ¢ lutions was measured at 
at 86° C were obtained by usi 


Model DU spectrophotometet 


aDso! 


easurements as desc 


pal 
Rate studies. Three 100 ml three-necked standard taper round-bott 
with air inlet tubes, condensers and thermometers, were mounted in a constant 
itul va ‘ air flow was controlled for each individual flask 


we 
160-170 cc/min me d at standat 
with air and kept well stirred 1e temperature of the 


verature of 90.0 + 0.2 n the reaction flask. 


| temperature and pressu In this manner the 
eaction 
eating 
ml solution containing all the required com 

t was allowed to me to temperature 

il of citrate buffer and 5 ml of distilled 

added. The buffer was prepared in such a 

0.1.1/ citrate buffer of pH 3.4. The final 

reaction mixture was 0.427 mM with respect 

the reaction mixture came up to 90° (¢ 

pigment concentration of this aliquot 

time intervals aliquots were withdrawn 

etermined. When reaction rates 


glucoside d 


sence of nitrogen, water pumped nitrogen was used < 


olutions w flushed with nitrogen betore the rate studies were commenced. 
sten ontaining ascorbic acid or amino acids these components were added along 
with the - and pigment. The reaction was followed until the original pigment 
reduced to at least one half; in all cases a minimum of 


RESULTS 


Pigment degradation in the presence of sugars and their derivatives. The degradation 
of pelargonidin-3-glucoside was observed in 0.5.7 solutions of the monosaccharides 
\/ solution of the disaccharides. These concentrations approximate the soluble 


and 0.25.1 





BREAKDOWN OI! "ELARGONI 


liste 
also tabul: 

is approximately 

that the lag observed is due to 1 

These results show that sugars such as 

known to degrade quite rapidly at low pH, hi ‘ ounces 
pigment degradation. Glucuronic acid decomposes furfural 
hydroxymethylfurfural. Sorbitol and glucor acid, 

ditions of these experiments, sl 1 ior 

the buffer system. 


In the presence of nitrogen marked red 


tion are observed. However, differences in the 
observed with the sugars used. The rel 

was not the same for all sugars 

acid and sorbitol systems was 


Effect of sugar-amino acid interaction on the rate of degradation of pela 
E-xperimen uct y Mackinney, Lukton and Chichester (7) indi- 


3-glucoside. 


posed 


cystine 
to pH 


TABLE 
First order rate constants for the degradation of pelargonidin-3-g!ucoside 
in different carbohydrate systems 
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TABLE 2 


First order rate constants for the degradation of pelargonidin-3-glucoside 
in the presence of sugar-amino acid systems 


First order rate constants (min-1 x 10%) 

Amino acid eal 
Buffer slucose Sucr 

Asparagine 

Alanine 

Serine 

Arginine 

Cystine* 

No Amino Acid 


Concentration 1.25 x 1 M. 


In some preliminary experiments the amino acids were heated in a 0.5M glucose 
solution buffered at pH 3.4 for 12 hr. The ultra-violet spectra of these systems 
showed a maximum absorbancy at 285 mmc. This maximum is characteristic of 
5-hydroxymethylfurfural. Arginine and cystine were the most active acids in these 
systems. It would appear that the extent to which amino acid-sugar interaction affects 
the rate of pigment degradation is dependent on the extent of sugar degradation as 
measured by the appearance of 5-hydroxymethylfurfural. 

Effect of variation in sugar concentration on the rate of degradation of pelargonidin- 
3-glucoside. The rate of degradation of pelargonidin-3-glucoside was observed in 
varying concentrations of glucose, sucrose and fructose at pH 3.4. In all cases an 
increase in the sugar concentration resulted in an increase in the rate of pigment 
degradation at pH 3.4 and 90° C. 











- 


0.4 0.8 1.2 1.6 2.0 
Molar Glucose 


02 04 068 OB I 
Molar Fructose and Sucrose 


Figure 1. Effect of variation in sugar concentration on the rate of degradation of 
pelargonidin-3-glucoside. (1) fructose, (2) sucrose, (3) glucose. 
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In Figure 1 the logarithm of the first order rate constant is plotted against the 
sugar concentration. Over most of the concentration range investigated, a linear 
relation was observed. The reason for this relation is not apparent. 

The effect of pH on the rate of degradation of pelargonidin-3-glucoside in sugar 
solutions. It has been shown that pelargonidin-3-glucoside is more stable at lower 
pH (6), but on the other hand it is known that the rate of degradation of both 
glucose and fructose to 5-hydroxymethylfurfural increases as the pH decreases (11) 
It has also been demonstrated (8, 9) that 5-hydroxymethylfurfural is active in accel- 
erating the degradation of strawberry pigment. Thus, two apparently counteracting 
variables are in existence in this system. In some preliminary experiments ultra-violet 
spectra of glucose and fructose solutions heated at pH 3.4 indicate the presence of 
5-hydroxymethylfurfural. The rate of degradation of pelargonidin-3-glucoside was 
followed in 0.1M citrate buffer and in 0.5. glucose and 0.1M fructose solutions also 
buffered with 0.14 citrate. The pH of these systems was varied from 3.95 to 1.80 
and the reactions were carried out in the presence of air. 

In order to interpret the results it was necessary to obtain an estimate of the 
pK of the reaction R* + 2H:xO = ROH + H:;O* where R* represents the colored 
flavylium salt form of the anthocyanin and ROH the pseudo-base form. A _ value 
of 2.98 for the pK of this reaction at 25°C and 45°C has been reported (6, 12). 
No values for higher temperatures have been reported. Using the procedure out- 
lined in the Experimental section, a value of 2.95 at a temperature of 86°C was 
obtained. This value is within the range of 2.98 + 0.06 reported by Sondheimer (12). 
Hence, in interpreting these results from experiments carried out at 90°C it would 
seem that a pK of 2.98 would be a valid approximation. 

The citrate buffer maintained the pH of the systems within 0.05 of a pH unit. 
lhe rate of pigment loss followed first order kinetics in all the systems studied in 





R* 


Percent 


20 


{ 

1\ 
io — 

! 2 


k, x 10°, min’! 


Figure 2. Effect of pH on the rate of degradation of pelargonidin-3-glucoside in 
0.1M citrate buffer, 0.5M glucose and 0.1M fructose. (1) citrate buffer, (2) glucose, 
(3) fructose. 
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this series of experiments. Results are presented in Figure 2 where the rate constants 
are plotted against the percentage of the anthocyanin present as the flavylium salt 
form. The linear relation observed in the 3 systems studied implies that, over the 
pH range investigated, the degradation of the anthocyanin is dependent on the pro- 
portion of anthocyanin present as the pseudo-base. Lukton, Chichester and Mac- 
kinney (6) observed this effect in buffer systems, as well as in juice samples at a 
temperature of 40°C. Results from the fructose system are not as consistent as in 
the other 2 systems but the general trend is the same. As the pH decreases the 
differences in rate constants for the 3 systems also decrease. 

The effect of some sugar degradation products on the rate of degradation of 
pelargonidin-3-glucoside. 1. Furfural and 5-hydroxymethylfurfural. The increase in 
pigment degradation in the presence of furfural and 5-hydroxymethylfurfural has been 
described by Meschter (9) and Markakis, Livingston and Fellers (8). These studies 
carried out at 38°C and 40°C respectively. Meschter’s results indicate that, 


were 
5-hydroxy- 


at equivalent concentrations, furfural is considerably more active than 
methylfurfural at 38° C. The concentrations, however, are quoted in parts per million 
and a rough interpretation of these results on the basis of equivalent molar concen- 
trations indicates only slight differences in activity between these 2 compounds at 
this temperature. 

The effect of furfural and 5-hydroxymethylfurfural on the rate of degradation of 
pelargonidin-3-glucoside at 90°C and pH 3.4 was followed. The reactions were 
carried out both in the presence of air and in the presence of nitrogen. The furfural 
was distilled under a vacuum in an atmosphere of nitrogen before use. The first order 
rate constants obtained are listed in Table 3. Degradation rates were also observed 
in 0.1M furfural but first order kinetics were not observed in either air or nitrogen. 
A considerable reduction in the rate of pigment degradation was observed when the 
reaction was carried out in the presence of nitrogen rather than air. The reaction 
rate, however, was not reduced to that observed in a buffer system in the presence of 
Either there was a residual effect from a small amount of oxygen that might 


nitrogen. 
lo have some effect in the absence of oxygen 


have been present or these compounds « 


TABLE 3 


First order rate constants for the degradation of pelargonidin-3-glucoside in the presence 
of furfural and 5-hydroxymethylfurfural at pH 3.4 


First order rate constan 





furfural 
xperiments 0.1L./ 


pigment degradation was also observed 
iydroxymethylfurfural at different pH values 
buffer was used. First order kinetics constants art 
flavylium salt (Figure 
relation but the rate 
constants observed at pH 3.4 (Table 3) were not consistent with this relation 


plotted again the percentage ot the anthocyanin presen 


Values obtained at the lower pH region su 


Both furfural and 5-hydroxymethylfurfural produced a marked effect on th 
of destruction ¢ largonidin-3-glucoside. The n uitud 


iderably reduced by cz ing out the 
the pH. 5-Hydroxymethyliurfural w nsistently mort 
equimolar concet I out in systems 
would suggest that tl pset base form of the anthocyanin was 
| be concluded from these studies tl 


lirectly with either of t e 2 compounds. Both are very 
presen degradation of the 


presen product derived fr 
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Figure 3. Effect of pH on the rate of degradation of pelargonidin-3-glucoside in the 


presence of furfural and 5-hydroxymethylfurfural. (1) furfural, (2) 5-hydroxymethyl- 
furfural. 


in a system in which either of these 


t compounds was pr 
could expect a significant rate of 


roduced in some fashion, one 
pigment degradation. Thus, the degradation of 
or amino acids, which result in the production of these 
types of compounds, produces an increase in the rate of pigment breakdown. It is 
possible that the effect of ascorbic acid could be due in part to its breakdown to furfural. 

2. Levulinic Acid and Formic Acid. 
legraded to levulinic acid and 
studied by Teunissen (15 
acid was the reactive 


sugars in the presence of acid 


In acid medium 5-hydroxymethylfurfural is 
formic acid. The kinetics of this 


Because of the possibility that 


reaction have been 
either formic or levulini 
compound in pigment breakdown, the effect of levulinic acid 
and formic acid on the 3-glucoside was observed. The 
buffer at pH 3.4 and at a temperature of 
obtained are given in Table 4. 

degradation in these 


buffer system of tl 


breakdown of pelargonidin- 
reactions were carried out in 0.1M citrate 
90° C. The first order rate constants 

he rate of pigment systems, although greater than that 
e same pH, was much slower than that observed in 


TABLE 4 


First order rate constants for the degradation of pelargonidin-3-glucoside 
in the presence of levulinic acid and formic acid 


Concentration 


0.10. 
0.05. 
O.O1LM 
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equimolar concentrations of 5-hydroxymethylfurfural. Thus, it is apparent that the 
accelerating effect of 5-hydroxymethylfurfural is not dependent on its breakdown 
to levulinic acid and formic acid. It might be added that in the breakdown of 
5-hydroxymethylfurfural other substances besides these 2 acids are formed. A certain 
amount of resinous material is produced. 

The relative effect of factors active in the degradation of pelargonidin-3-glucoside. 
In strawberry juice the constituents which appear to be most active in determining 
the rate of pigment degradation are ascorbic acid, sugars and amino acids. A sample 
of strawberry juice obtained from frozen Marshall strawberries was analyzed for 
pigment concentration, ascorbic acid, soluble solids and pH. Results are summarized 


in Table 5. 
TABLE 5 
Analysis of strawberry juice sample 


10.0¢ ‘c 
20 mg/100 ml 
22 mg/100 ml 


Soluble Solids 
Ascorbic Acid 
Pigment 





pH 3.35 





The rate of degradation of pelargonidin-3-glucoside in a sample of this juice 
adjusted to pH 3.4 with citric acid was compared with the rate of degradation of 
this pigment in the following systems: 

1. 0.5M glucose 
0.5M glucose plus amino acids 
0.5M glucose plus ascorbic acid 
0.5 glucose plus ascorbic acid plus amino acids 


These experiments were repeated with 0.25M sucrose substituted for the glucose. 
The concentration of ascorbic acid was 20 mg per 100 ml (Table 5) and the amino 


acids consisted of a mixture, of the five most abundant acids found free in strawberry 
juice, present in the following concentrations: 


Asparagine 59 mg/100 ml 
Glutamine 15 mg/100 ml 
Alanine 12 mg/100 ml 
Aspartic Acid 3mg/100ml 
Glutamic Acid 8 mg/100 ml 


The rate curves for the sucrose systems are given in Figure 4; for comparison 
the rate curve of pelargonidin-3-glucoside degradation in citrate buffer is also included 
Both glucose and sucrose systems give a more rapid rate of pigment degradation than 
that observed in a buffer system, sucrose being the more active during a three-hour 
period. Adding the amino acids to the sugars resulted in an additional increase in 
the rate of pigment degradation. In the sugar plus ascorbic acid system there was 
little difference between the glucose and sucrose systems, a marked increase in the 
rate of pigment breakdown being observed on addition of ascorbic acid. Further 
addition of the amino acids to the sugar-ascorbic acid produced a small increase in 
the rate of pigment degradation. It was noted that in the latter system, after an 
initial lag period which was not observed in the juice sample, the rate of pigment 
degradation approaches that observed in strawberry juice. This would indicate that these 
3 factors account for the greater part of the pigment breakdown in strawberry juice 

The juice sample showed first order kinetics for the degradation of the pigment. 
The fact that no lag was observed in the juice sample may be explained by the 
assumption that the active principles were already present; with the synthetic sample 
a short time was necessary before these factors were produced at a rate sufficient to 
equal the rate of pigment breakdown in the juice. The ultra-violet spectrum of an 
ether extract of strawberry juice showed a maximum at 283 mmc. This corresponds 
to the maximum absorption of 5-hydroxymethylfurfural. 
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Figure 4. Comparison of the rate of degradation of pelargonidin-3-glucoside in 
composite systems with that observed in a strawberry juice sample. 1. Sucrose and amino 
acids. 2. Sucrose and ascorbic acid. 3. Sucrose, amino acids and ascorbic acid. 
4. Strawberry juice. 5. Citrate buffer control. 


DISCUSSION 
Che stability of pelargonidin-3-glucoside varied considerably in the dif- 
ferent systems studied in these experiments. A hundredfold difference in 


first order rate constant was observed at 90°C. The rate of degradation 
tl 
order kinetics, as reported by Lukton, Chichester and Mackinney (6) for 


of pelargonidin-3-glucoside in most of the systems studied followed first 
citrate buffered model systems and in strawberry juice in the presence o 
absence of oxygen. Markakis, Livingston and Fellers (8), however, work 
ing with citrate buffer systems also, observed first order kinetics in the 
presence of nitrogen but not in the presence of oxygen. It is possible that 
in the latter experiments the oxygen concentration became limiting since 
these data were obtained from sealed tube experiments. In the systems 


} 


used by Lukton et al (6) and in this laboratory the reaction mixture was 
saturated with oxygen by continually agitating with air or oxygen 
Perhaps the most striking effect in the work reported here was the 
increase in pigment stability associated with a decrease in pH. This increas« 
in stability was observed even in the presence of active components sucl 
as furfural and 5-hydroxymethylfurfural. In the presence of glucose or 
fructose, as well as in a buffer system, a linear relation was observed between 
the first order rate constant and the relative concentration of the antho- 
cyanin present as the pseudo-base. Lukton et al, working with citrate buffer 
systems and natural strawberry juice, have observed this type of relation 
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and suggest that the active form of the pigment is the pseudo-base form. 
Results obtained in this laboratory substantiate this hypothesis. 


iS« 


Che important part that sugars can play in the degradation of pelar- 
gonidin-3-glucoside is demonstrated by the detrimental effect of fructose 
and glucuronic acid in particular. Strawberry products may contain con 
siderable quantities of fructose derived from the 1ydrolysis ot sucrose 
\lthough glucuronic acid would not be present in strawberry juice in 
significant amounts, galacturonic acid could be obtained from the hydrolysis 
of pectin material. Since galacturonic acid, like glucuronic acid, degrades 
rapidly to furfural in acid medium, one would obtain a comparable effect 
on tl 


since it 1s more likely that it would be present in concentrations sufficient 


rate of pigment degradation. Fructose would be of more importance 


to produce a significant effect. 

\t 90° C none of the sugars used in these experiments exerted a pro 
tective effect on the pigment. At lower temperatures the pigment has been 
shown to be more stable in some sugar solutions (longer half life) than in 
butter system (9). This could be due to differences in oxygen concentra 
tion in the different systems where sugar degradation products were not a 


factor. 

\mino acids also have an effect on the rate of pigment degradation i1 
the presence of sugars. The results indicate that arginine and cystine may 
have some effect on the rate of degradation of pelargonidin-3-glucoside in 
a buffer system. Even at pH 3.4 where amino acid-sugar interaction is 
relatively low, the presence of amino acids in the glucose and sucrose systems 
produced an increase in the rate of pigment degradation. There is some 

~ 


} 


question in the arginine-glucose system whether the increase is due to the 


irginine or arginine-glucose interaction. The increase in rate constant ovet 


that observed in a pure glucose system is only slightly larger than the in 
In rate constant of the arginine-buffer system above that of a pure 
Cystine proved to be the most active of the amino acids 
data obtained in these studies indicate, however, that the amino 
acids present in strawberry juice do not contribute to the rate of degrada 
tion of the pigment to any large extent. The low pH of strawberry juice 
would tend to minimize the interaction of sugars and amino acids 
experimental data indicate that the sugars are probably acti 
he form of their degradation products. Those sugars such as fructose 
degrade most readily in acid medium show the most marked effect on the 
rate of pigment degradation. An increase in sugar concentration also re- 
sults in an increase in the rate of pigment cegradation. The compounds 


furfural and 5-hydroxymethylfurfural, which have been identified as sugar 


i 
breakdown products (10), accelerate the degradation of pelargonidin-3 
lhe rate of degradation of pelargonidin-3-glucoside in the pres 


glucoside. 
ence of these compounds, as in the presence of sugars, is decreased by 
lowering the pH and also by conducting the reaction in the presence of 
nitrogen rather than air. The marked increase in the rate of pigment 
degradation in the presence of these 2 compounds suggests that they might 
be directly responsible for degradation of the pigment in the presence of 
Since both furfural and 5-hydroxymethylfurfural are quite labile 


sugars. 
some oxidative product might be the 


in the presence ot oxygen, possibly 
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reactive compound, although typical breakdown products such as levulinic 
and formic acids were not effective in degrading the pigment. Another 
possibility is that in the presence of sugars some precursor of either furfural 
or 5-hydroxymethylfurfural could be the active component 
exact nature of the degradation of pelargonidin-3-glucosid 

of sugars is not known. More information is needed, both 


of the degradation of sugars in acid medium and the 


products with anthocyanins 
Recent publications on the reactions of flavylium sal 
Luthiger (77) and Blackburn, Sankey and Alexander (1) indicate 


sible mode of action for the degradation of pelargonidin-3-glucoside 
presence of active components such as furfural and 5-hydroxymethy] 

In these papers the condensation of flavylium salts with dimethylaniline 
diarylethylenes and malonic acid to fo the products I, | 


been described Che signihcant aspect of these re 
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not been established. Since furfural has been demonstrated to be a degra- 
dation product of ascorbic acid in acid medium (5), acorbic acid, in a similar 
manner to sugars, may Owe its activity to its conversion into this type of 
compound 
SUMMARY AND CONCLUSIONS 

1. In systems buftered at pH 3.4 the rate of degradation of pelargonidin 
3-glucoside was observed in the presence of different sugars and sugar 
derivatives. Variation of the functional group indicated that the rate of 
pigment degradation was greatest in the presence of glucuronic acid and 
the ketose, fructose. Sorbitol, a sugar alcohol and gluconic acid gave the 
slowest rates of pigment degradation. The rate of pigment breakdown in 
the presence of sugars seemed to be associated with the rate at which the 
sugar degenerated to furfural type compounds. If the reactions were carried 
out in the presence of nitrogen rather than air a marked decrease in the 
rate of pigment degradation was observed. 
2. The presence of amino acids, at concentrations of the same order as 


those observed in strawberry juice, in sucrose and glucose systems produced 


an increase in the rate of pigment degradation compared to that observed 


in the presence of a pure sugar or pure amino acid system. 

3. At 90°C and pli 3.4 it was found that an increase in the concen 
tration of glucose, fructose or sucrose produced an increase in the rate of 
pigment degradation. A plot of the logarithm of the observed rate con 
stants versus the sugar concentration resulted in a linear relation over the 
concentration range observed. 

4. The rate of degradation of pelargonidin-3-glucoside was influenced 
to a great extent by pH. This effect may be explained by the influence of 
hydrogen ion concentration on the equilibrium between the pseudo-base and 
the flavylium salt form of the anthocyanin. Linear relations were observed 
between the first order rate constants and the proportion of the pigment 
present as the flavylium salt in glucose and fructose systems as well as the 
pure buffer system. The rate of degradation seemed to be dependent on 
the proportion of the anthocyanin present as the pseudo-base. 

5. A rapid rate of degradation of pelargonidin-3-glucoside was observed 
in the presence of furfural and 5-hydroxymethylfurfural. Carrying out the 
reactions in nitrogen rather than air resulted in a considerable reduction 
in the rate of pigment degradation. Observations on the rate of pigment 
degradation in the presence of furfural and 5-hydroxymethylfurfural in 
systems of varying pH also indicated that the active form of the pigment 
was the pseudo-base form. 

6. Levulinic acid and formic acid, degradation products of 5-hydroxy 
methylfurfural in acid medium, accelerate the rate of pigment degradation 
However, the effect observed with these compounds was small compared 
to that observed with 5-hydroxymethylfurfural. This would indicate that 
the accelerating effect of 5-hydroxymethylfurfural was not dependent on its 
breakdown to these compounds. 

7. A composite system containing pigment, sucrose or glucose, amino 
acids and ascorbic acid at concentrations similar to those observed in a 
sample of strawberry juice, after an initial lag period, gave a rate of pigment 
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degradation almost equal to that observed in the natural strawberry juice 
These factors would apparently account for the greater part of 


sample. 
the pigment degradation in strawberry products. 
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Recent development of a great variety of dehydrated quick-serve ration 
items by the Quartermaster Food and Container Institute for the Armed 
Forces has again emphasized the need for means of inhibiting oxidative 
deterioration of the dispersed fats. In planning the present study, a model 
system approach was decided upon as the 1 10d of choice since it permitted 
investigating oxidation problems in their most general manifestations. This 
approach also provided for closer control of the variables than would be 
possible with food items. Model emulsion systems designed to simulate 
dehydrated food hydrocolloids were therefore prepared and studied undet 
accelerated storage conditions for deteriorative reactions 

Fresh foods are known to contain natural substances which protect them 
from rapid deterioration. For example, antioxygenic compounds, among 
which are tocopherols and phospholipids, have an important function in mini 
mizing the deterioration of food fats. There are, of course, substances that 
promote deterioration. Hleme compounds are widely distributed in foods of 
animal origin, and their importance in the oxidative fat rancidity which occur 
in these foods is well recognized. In these studies hemoglobin and hematin 
were used as oxidative catalvsts 

[he antioxygenic properties of vegetable phospholipids have 
by Evans (3), Olcott and Mattill (8), and Patrick and Morgan > the 

gg 
and Edwards (2), Lightbody and Fevold (7) and more recently by Henick, 
fogashi and Mitchell (4). Brown and Tappel (1), Robinson et al (10) 
lappel (74, 75), and Watts (16) have shown that hemoglobin and other heme 


compounds act as powerful biological catalysts for oxidation of fat. 


lhe purpose of these studies was to determine by means of model dehy 


antioxygenic action of egg phospholipids has been demonstrated by Dutton 


drated colloid systems what effect phospholipids and proteins have on rate 
of oxidation of dispersed fat in systems which may contain oxidation-pro 
moting hematin compounds The study was, of necessity, exploratory 1 
nature. Kates of reaction of fat and oth food components 

developed freeze-dried foods hay 

consequence background data are limited 

proach to the problem offers the possibility of developing information a 
‘able to the control of oxidative deterioration in dehydrated | 


lispersed fat 
I 


t 


EXPERIMENTAL 
Methods. Dehydrated fatty emulsior I 


se (CMC) were 
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and of iron compounds as pro-oxidants in accelerated lipid oxidation experiments. De- 
hydration was carried out by means of freeze-drying similar to that described by 


al (11). Samples were aged by aerating them in a rancimeter (6) at elevat 


peratures to permit acceleration of oxidative reactions. The method used was sin 
, 
t 


hat described by Salwin et al (12). Extent of oxidation was evaluated by means of 
ferric thiocyanate method of Hills and Thiel (5) for assaying peroxides spectrophoto- 
l as volatiles 


metrically at 510 mmc. Carbonyl and other compounds, which were collected 
from aerated sampl were assayed by mean f 2-thiobarbituric id (TBA) reag 


gent 


ig oO ) it describ 


an 
4. Soy proteins 
in a ball mill. 
Hemoglobin (purified) (Mann Resear 
Hematin, recrystallized (Mann Resear 


7. lron citrate (ferric) 16-18% Fe 


Pre 
| 


per s¢ 


paration of dehydrated emulsions 
in water Che various food component 
sequence: (1) I 
was allow oI ling ( omponent a 


sion W t 5% the addition of 


flakes 
0.1—0.2 


RESULTS AND DISCUSSION 


Effects of emulsification and dehydration. 
was conducted to determine the effects of dispersio1 
dation of fa lehydrated 
cate that the 
autoxidation a 
lable l, there 


, 
continued at 


TABLE 1 


Effect of added phospholipids on the autoxidation of oil in freeze dehydrated 
carboxymethyl cellulose (CMC) emulsion 
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dispersed oil in the dehydrated emulsion was much more rapid, reaching a 
maximum after 5 days, followed by partial peroxide breakdown until the end 
of the storage period. Adding phospholipids prevented the autoxidation of 
the dispersed oils to a significant extent. The dispersed oil emulsion without 
phospholipid treatment was definitely rancid after 17 days, whereas the de- 
hydrated oil emulsion with phospholipids was free of rancid odor and com- 
pared well with the fluid oil under study. 

The protective effect of phospholipid in dehydrated emulsions containing 
CMC, soy oil, and protein was studied at different temperatures and different 
levels of soy phospholipids (Figure 1). As would be expected, increasing 
amounts of phospholipids were required to inhibit fat oxidation as tempera- 
ture was increased. The apparent reversal in peroxide production at 65° 
and 80° C was undoubtedly due to a faster rate breakdown of peroxides at 
the higher temperature. Also of interest was the observed protection of phos- 
pholipid at —20° C. It was noted that rancid odor typical of oxidized fat did 
not occur in the presence of phospholipid even at the higher peroxide levels 
or when peroxide breakdown was presumed to occur. Similar effects were 
observed when purified egg phospholipids and soy inositides were used. 

Catalytic effect of iron compounds on fat oxidation. The activity of 
iron containing pro-oxidants was studied on a comparative basis in dehydrated 
and fluid systems. In Figure 2 the rehydrated emulsions are indicated by 
solid curves. These emulsions consisted of two parts soy oil and one part 


10r 


EMULSION COMPOSITION 
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OIL 
PROTEIN 


PEROXIDE -0.D. x 20/GM. FAT 





40 
PHOSPHOLIPIDS - MG./GM. SOLIDS 


Figure 1. Relation of phospholipid levels to rates of autoxidation at various tem 
peratures for 5 days. 
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Figure 2. The effect of iron compounds in soya bean oil on rate of oxidation. 


CMC with 100 ppm (oil basis) of the iron in the compound added. In the 
fluid oils these iron compounds were dispersed by means of a superhomoge- 
nizer. TBA assays for the dehydrated emulsions were made on the collected 
volatiles from the rancimeter apparatus. Volatiles from the fluid oil emulsions 
were collected from the effluent stream of standard AOM tubes, using the 
AOM apparatus. Collection of volatiles was carried out during the last 15 
minutes of each interval shown. Examination of these data indicated that the 
rates of oxidation, as assayed by TBA values, were approximately five-fold 
more rapid for oils in dehydrated emulsions than in the fluid systems. Most 
of the differences observed are due to the high degree of dispersion of the oil 
in the dehydrated emulsions. The effects of the degree of dispersion of the oil 


TABLE 2 


Spontaneous combustion in freeze dehydrated vegetable oil-CMC emulsions 


in a draft oven at 90°C 
os 


Time (hours) to reach 


Additives? 
: spontaneous combustion? 


Hemoglobin 0.2 
Hematin : 1.5 
Hemoglobin + phospholipids ' 4.0 
Ferric citrate on 8.0 
None ss 10.0 
Phospholipids 24.0 


All emulsions contained oil dispersed in CMC with the additive as indicated above. 
2 Spontaneous combustion was indicated by charring. The temperature at the site of combustion 
75 


(smouldering) was between 15 ( ol 
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in these emulsions on oxidation rates, when freeze dehydrated, will be re- 
ported in separate communications. The extremely rapid oxidation of hemo- 
globin containing dehydrated samples resulted in these emulsions becoming 
overheated, smouldering, and approaching spontaneous combusion. At shown 
in Figure 2, the rate of production of TBA reactive compounds for hemo- 
globin containing emulsion reached a maximum in less than | hour; for those 
with hematin it took more than 2 hours ; and for those with ferric citrate, even 
after 24 hours, no significant oxidative action was indicated. Actual destruc- 
tion of hemoglobin containing samples by spontaneous combustion occurred 
in samples heated in a draft oven at the temperature indicated in data in Table 
2. Comparison of oxidation rates here indicates that hemoglobin acts as a 
very powerful pro-oxidant while the phospholipids are effective antioxidants 
when added to these dehydrated emulsions. 

Effect of hemoglobin on oxidation rate. (f the several iron compounds 
investigated, hemoglobin was found to be the most powerful autoxidative cata- 
lyst. Concentrations ranging from 5-100 ppm as Fe were incorporated in 
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Figure 3. The effects of hemoglobin and temperature on the rate of oxidation in 
dehydrated emulsions. (Aeration time—one hour). 
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dehydrated emulsions containing 2 parts oil in 1 part CMC. The data (Figure 
3) indicate that rates of autoxidation of the oil during one hour increased with 
increasing concentrations of hemoglobin. The temperature at which the rate 
of peroxide decomposition exceeded the rate of formation decreased with 
increasing hemoglobin concentration. The formation of TBA reactive volatiles 
appears related to the decomposition of peroxides. 

Effect of proteins and phospholipids on the rate of oxidation. A study 
of the effect of the addition of protein to a CMC-oil mixture, which was emul 
sified and dehydrated, showed that the protein had a highly significant protec 
tive action against autoxidation (Figure 4). Adding phospholipid to the 
above mixture gave further protection against autoxidation of a dehydrated 
emulsion. To determine the optimum concentrations of protein and phospho- 
lipid for protecting dispersed oil against oxidation several levels of each were 
studied. As seen in Figure 5, the oxidation rates are significantly decreased 
by 2% phospholipids (oil basis) and by one part protein to two parts of oil in 
freeze-dehydrated emulsions. 

Effect of phospholipids and phenolic antioxidants on the rate of 
oxidation of oil emulsions containing iron compounds. I[t remained now 
to determine whether phospholipids were also capable of inhibiting iron cata- 
lyzed oxidation in these systems. As shown in Figure 6, the onset of hemo- 
globin catalyzed oxidation was delayed and the extent of this oxidation was 
reduced by the addition of 5% phospholipid (oil basis) to the emulsion sys 
tem. The pro-oxidant action of ferric citrate was almost completely nullified 
by the addition of phospholipid. The protective action of the phospholipid was 
compared with that of the phenolic antioxidants, BHT and NDGA, at the 
level of 0.03%. In Figure 7, it is seen that these antioxidants had little effect 
on decreasing the rate of fat oxidation, whereas phospholipid again showed a 


significant effect. 
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Figure 4. The effects of added proteins and phospholipids on oxidation in dehydrated 
CMC-oil emulsions. 
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Figure 5. The effects of protein and phospholipid concentration on oxidation of 
dehydrated emulsions during aeration for seven hours at 75° C. 
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Figure 6. Antioxidant action of added phospholipid in dehydrated emulsions con- 
taining CMC, oil and iron compounds. Note: All iron compound concentrations refe1 
to ppm Fe. 
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Figure 7. Antioxidant action of phospholipids, BHT, and NDGA on dehydrated 
soya oil emulsion containing added hemoglobin. 


SUMMARY 


Dehydrated fatty emulsions with an inert matrix of carboxymethyl cellu 


lose were used to evaluate the role of proteins, phospholipids and of iron com 
pounds in lipid oxidations under accelerated storage conditions at elevated 


temperatures. Phospholipids in concentrations of 0.5 to 5.0% of dry weight 


of fat protected against oxidation. Protein-containing fat emulsions were more 


stable than those with oil only and in combination with phospholipids prote« 

tion was even greater. The catalytic effect of hemoglobin on acceleration of 
the rate of oxidative reaction resulted in spontaneous combustion within min- 
utes in the dried emulsions stored at 85° C. The oxidative reaction rates in 
dehydrated systems containing porphyrin compounds were significantly more 
rapid than in fluid systems when measured by peroxides and thiobarbituric 
acid values. The pro-oxidant effects of ferric citrate were very small compared 
to those of porphyrin compounds. Phospholipids alone or in combination 
with proteins had significant antioxidant action in dehydrated emulsions con- 
taining porphyrin compounds, while the phenolic antioxidants, BHT and 
NDGA, at concentrations of up to 0.03% of dry fat weight, had only slight 
effects. The data presented in this investigation indicate that such naturally 
occurring food substances as the phospholipids which appear to have anti 

oxygenic properties may find application in attacking the problem of food 
deterioration caused by fat rancidity. 
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THE EFFECT OF SULFUR DIOXIDE AND FERMENTATION 
ON COLOR EXTRACTION FROM RED GRAPES 


H. W. BERG anp M. AKIYOSHI 
: rnia, Davis, California 
(Manuscript received April 27, 1959 
A previous study (3) raised questions as to whether the effect of sulfur 
I | 
dioxide on color extraction was different in fermenting musts than in non 
fermenting musts, and whether an observed difference in color stability was a 
varietal characteristic or a function of the concentration of sulfur dioxide. This 


study also raised a question as to how the color and taste of wines would be 


affected by fermentation after color extraction. The present study was made 


to obtain answers to these questions. 


EXPERIMENTAL 


The grapes used in these studies were grown in the University vineyards at Davis, 
California, and in commercial vineyards at Lodi. 

Must treatment. All experiments were made with 5-gal lots in 20-gal open earthen- 
ware crocks. Sufficient individual 5-gal lots were prepared to give the desired number of 
samples. The entire contents of each crock were used as an individual sample to ensure 
the same juice-to-pomace ratio for all samples in a given experiment. Uniformity of the 
lots was ensured by crushing into a 50-gal drum, stirring the contents, and then ladling, 
during continued stirring, one-quart amounts of must into each crock in turn until 20 
additions had been made. 

Unless otherwise noted, sulfur dioxide or alcohol was added immediately after the 
must had been placed in the crock, and each lot was stirred twice daily during the experi- 
ment. When fermentation was desired, a 1% culture of the Montrachet strain of Saccha- 
romyces cerevisiae var. ellipsotdeus was added 4 hr later. When fermentation was not 
desired, 40 ppm was added of captan (\-trichloromethylmercapto-4-cyclohexene-1,2-dicar 
boximide), which had been shown (1) to have no effect on color. All experiments were 
conducted at comparable temperatures in the range of 18-26° C. 

Sampling and analyses. One-pint samples of the screened 5-gal lots were removed 
for analysis. The samples of juice were treated and then analyzed with procedures 
reported previously (2). Since the object was to determine the actual effect of various 
treatments on color, the color data reported here are those obtained after hydrogen per- 
oxide was added to remove the masking effect of sulfur dioxide. 

Taste testing. The wines were tasted by an experienced wine taster at the end of 
3 months’ storage. Prior to tasting, sucrose was added to bring all the port wines to the 
same sweetness level. Samples were presented in coded glasses to assure unbiased judg- 


ments. The taster was requested to assign numerical scores to the wines, using the usual 
score card employed in this laboratory. 


RESULTS AND DISCUSSION 


To simplify presentation of the data the only color characteristic given is 
brightness (%Y), selected as the best single expression of color density (2 
A decrease in %Y indicates an increase in color density. 

Effect of sulfur dioxide on fermenting musts. In previous work by t 
(100 


he 


writers (2) color stability was found to be about the same in sulfited 
ppm) and unsulfited Carignane musts, with greater color content in the sul 
fited must. In Zinfandel musts the one fermented with 250 ppm of sulfur 
dioxide had the greater initial color, but lost color so rapidly that at the end 
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of the fermentation its color was only slightly greater than that of the must 
with 100 ppm, which lost color at a much slower rate. This led to further 
work with Zinfandel musts (3), in which it was found that, though sulfur 
dioxide increases color extraction, the color stability is inversely proportional 
to the, concentration of sulfur dioxide. This raised the question whether this 
difference in color stability was a varietal characteristic of Zinfandel alone, or 
whether all varieties behaved similarly with increasing concentrations of 
sulfur dioxide. 

The curves in Figure 1 show that sulfited Zinfandel musts are much less 
color-stable than the corresponding Carignane musts. Other work (2, 3) has 
shown that Cabernet Sauvignon, Petite Sirah, and Valdepenas musts fer- 





ZINFANDEL 


ppm SOo 


CARIGNANE. 
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Figure 1. The effect of sulfur dioxide on fermenting musts. 


mented with 100 ppm of sulfur dioxide have color stabilities similar to that of 


Carignane. Thus, we can conclude that color stability is a varietal character- 
istic, and that Zinfandel is the least stable of the varieties tested. 

These curves also show that both grape varieties have greatly decreased 
color stability at a concentration of 250 ppm of sulfur dioxide. Though more 
color is extracted at the higher concentration of sulfur dioxide, a greater pro- 
portion of the extracted color is unstable, either precipitating or being de- 
stroyed in fermentation. Color stability is evidently a function of the con- 
centration of sulfur dioxide, as well as a varietal characteristic. 
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Effect of sulfur dioxide on non-fermenting musts. In studies in 1957 
(3) the color stability of unfermented Carignane musts was found to be about 
the same at 100 and 250 ppm of sulfur dioxide. This led to further work in 
1958 to determine if the effect of sulfur dioxide on color stability was different 
in non-fermenting musts than in fermenting musts. 

Two lots of 3 samples each were prepared from a single Zinfandel must 
and 2 similar lots from a single Carignane must. One lot received 100 ppm 
of sulfur dioxide and the second lot 250 ppm. Both lots were stored 24 hr at 
the alcohol concentrations shown in Figure 2. The juice was then separated 
from the pomace, and all samples of the 2 lots were fortified to about the same 
alcohol content. 

As shown in Figure 2, the color stability of both the Zinfandel and Carig 
nane musts was nearly the same at both levels of sulfur dioxide. It is evident 
from a comparison of Figures 1 and 2 that the effect of sulfur dioxide is 
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Figure 2. The effect of sulfur dioxide on non-fermenting musts. 


different in fermenting musts than in non-fermenting musts, and that fermen- 
tation is large responsible for color losses. 

Effect of fermentation following color extraction. To test this belief 
further, 2 lots each of Zinfandel and Carignane wines were made by the 


procedure given in Table 1. The %Y values plotted in Figure 3 were obtained 


from readings made on the screened Carignane juices after storage on the 
pomace for 24 hr following fortification, and on these same juices following 





H. W. BERG AND M. AKIYOSHI 


TABLE 1 
Experimental procedure in the production of port wines 


Percent alcohol 
Treatment 100 ppm of sulfur dioxide 0 ppm of sulfur dioxide 


D1 C2 d Az 2 C2 Bl B 


Zinfandel 
Fortified to* 0 0 5 0) 0 ~ 10 
Fermented to” 9.6 8.6 11.2 10.0| 8.4 8.6 11.5 10.0 
Fortified to * 19.0 18.3 19. 19.9 | 19.0 18.7 19.9 20.0 


Carignane 
Fortified to * 
Fermented to? 13.7 14.3 16.. 


0 5 10} 0 : 10 
14.1 | 13.7 wd 5 10.5 


3 
Fortified to * 16.3 16.5 18.5 18.8 | 16.6 if ;. 19.9 


1 Water was added to the other lots to equal the dilution in lots A2 and B2 

2Lots D1 and D2 were fermented on the pomace; the other lots were stored for 
pomace, screened, and then fermented for 3 days. 

3 Following fermentation all lots were fortified. 


24 hours on the 


fermentation for 3 days. As shown in Figure 3, fermentation is responsible 
for a great deal of color loss. These curves also show that the decrease in 
color is fairly proportional both to the amount of color originally extracted 
and to the amount of alcohol produced by the fermentation. It is suggested 
that condensation of pigments with acetaldehyde produced during fermen- 
tation is at least partially responsible for the color loss. 








% ALCOHOL 
Figure 3. The effect of fermentation. Broken lines—fermented; solid lines—not 
fermented. 
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In 1957 (3) it was found that more color could be obtained by storing 
fortified musts for 24 hr than by fermenting the musts to the same alcohol 
content over a period of 96 hr. Unfortunately, the quality of the wines from 
the fortified musts was poor. Thus, the experiment reported in lable 1 was 
performed to determine the effect of fermentation following color extraction 
not only on color stability but also on the quality of the resultant wines 

As shown in Figure 4, the color content of the wines from the unfet 
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Figure 4. The effect of various must treatments. Solid lines—not fermented on 
pomace. A—fermented on pomace to alcohol content shown with 100 ppm of sulfur di- 
oxide. []—fermented on pomace to alcohol content shown with 250 ppm of sulfur dioxide. 


mented Zinfandel musts at 100 ppm of sulfur dioxide was less, and that at 
250 ppm more, than that of the corresponding wines from the fermented musts 
at the same alcohol level. The wines from both the Carignane unfermented 
musts contained less color than those from the fermented. Since these color 
density values were obtained from readings made on the wines after final 
fortification, they may be compared directly with those of commercial wines 
Such comparison shows that even though wines from the Carignane unfer- 
mented musts had less color than wines from the fermented musts, they were 
still well within the range for commercial red wines as reported by Amerine 
et al fz). 

Table 2 shows that fermentation following color extraction produces wines 
of quality similar to those produced in the conventional manner. Since the 


color content and quality of the wines were both satisfactory, this procedure 


is suggested for commercial trial. Savings in labor and capital investment 
would be very substantial. 
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TABLE 2 


Effect of various must treatments on the quality of port wines 


| Quality rating 
Grape variety 100 ppm of sulfur dioxide | 250 ppm of sulfur dioxide 
| : : 


A2 2 "2 Bl B2 
Zinfandel 76 
70 


Carignane Fe 


However, the procedure has two serious drawbacks: loss of part of the 
extracted color as a result of the fermentation required to reduce the sugar 
content to the level found in port, and incomplete color extraction because of 
the necessity of keeping alcohol content low enough to permit fermentation. 
To remove these drawbacks, it is suggested that the juice be separated from 
the pomace immediately after crushing, and fermented to the desired sugar 
level ; that the pomace be fortified to about 20% alcohol content and stored 
for 24 hr before being screened; that the colored juice be blended with the 
partially fermented juice and the whole then fortified to 20% alcohol content. 

With this procedure, nearly all the color would be extracted from the 
skins, and color would not be lost as a result of fermentation. Because of this, 
it is also suggested for a trial to determine which of the 2 experimental pro 
cedures is superior. 

Effect of fermenting before color extraction. [he object of this ex- 
periment was to determine if dry red wines of acceptable color and quality 
could be produced without fermenting on the pomace. Fortification of the 
must could not be used, for dry red wines, by definition, must contain no 
sugar and not over 14% alcohol. However, since alcohol is the major factor 
in color extraction, it was decided to use its effect by adding wine to unfer- 
mented pomace. 

Zinfandel and Carignane grapes were crushed, 100 ppm of sulfur dioxide 
added, and the juice immediately separated from the pomace. This juice, 
which was practically colorless, was then fermented to dryness. Two lots each 
of Zinfandel and Carignane grapes were then crushed and 100 ppm of sulfur 
dioxide added. One lot of each, as a control, was then fermented to dryness 
on the pomace. The other lots were screened immediately, and the nearly 
colorless wines from the previous fermentations were added to the fresh 
pomace. After 24 hr these lots were screened, the pomace discarded, and the 
mixture of juice and wine fermented to dryness. 

As shown in Table 3, the Zinfandel had less color, and the Carignane 
more, than the corresponding control wines produced in the conventional 


TABLE 3 
Effect of various must treatments on the color content and quality rating of dry red wines 


Quality rating 
Grape variety 
1 2 ; 2A2! 2A1?2 
Zinfandel 70 l 
Carignane 50.4 5. 74 3 


Fermented on the pomace. 
Wine stored for 24 hours on the 
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manner. Though the Zinfandel had less color than the control wine, its color 
was commercially acceptable according to the values given by Amerine 
et al (1). 

Comparison of the quality ratings of the wines shows little difference 
bétween the conventional and experimental procedure. Since wines of satis- 
factory quality and color have been made with this new procedure, a com 
mercial trial seems merited. 

SUMMARY 

Color stability is a varietal characteristic, with Zinfandel the least stable 
of the varieties tested. Color stability in fermenting musts is a function of the 
concentration of sulfur dioxide present. 

The effect of sulfur dioxide is different in fermenting than in non-ferment 
ing musts. In the latter, color stability is not affected by sulfur dioxide. 


Fermentation is responsible for a great deal of color loss. 

Fermentation following color extraction produces wines of color and qual 
ity similar to those produced by fermentation on the pomace. 
true of wines fermented prior to color extraction. 

New processes have been suggested for the production of both dry red and 


Che same is 


port wines. 
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THE CAROTENOIDS OF APRICOTS 
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Brockmann (J) in 1933 reported on the carotenoids of the apricot (Prunus 
armenica) ; he used dried fruit and found the main pigment to be B-carotene, 
with smaller amounts of lycopene and a y-carotene-like substance. Joyce (8) 
reported that apricots contain, in addition to lycopene, much smaller amounts 
of polycis pigments. The carotenoids of fresh apricots have now been investi 


gated by use of countercurrent distribution in a Craig appartus to separate the 


carotenoids into fractions such as hydrocarbons, monols, diols, and polyols, 


followed by chromatography to separate the individual constituents. This 
method has been previously applied to the carotenoids of oranges (3, 6), tan- 
gerines (7), red grapefruit (5), peaches (2), and leaves (4). 8-Carotene was 
found to be the principal pigment in the apricot. Numerous other carotenoids 
were present, the ones present in greater amounts being phytoene, phytofluene, 

carotene, lycopene, cryptoxanthin, and lutein. Both y-carotene and lvcopene 


were recovered in part as polycis isomers, including pro-y-carotene 


EXPERIMENTAL 


\pricots were obtained at a local market in mid-July, 1955. The fruits selected were 
ripe, and did not contain green areas or bruised or brown spots. The seeds, which amounted 
to 10% by weight of the whole fruit, were removed and discarded. The edible portion was 
divided into 3 lots of (a) 900, (b) 900, and (c) 1900 g, respectively, which were extracted 
separate ly. 

Each lot was divided into batches of about 250 g, and blended with an equal weight of 
water to which 6.7 g of calcium carbonate (powder) had been added. The blend was 
mixed with an equal volume of methanol and, aiter standing 30 to 45 min, 2% by weight 
of filter aid was added and the mixture filtered on a Biichner funnel precoated with filter 
aid. The filter cake was blended briefly with acetone, filtered on a sintered glass funnel, 
and washed with acetone until the washings appeared colorless. The acetone extract was 
evaporated in vacuo and the lipids removed from the aqueous residue by extraction with 
ether. Extracts from lots (b) and (c) were saponified (3). The total carotenoid content 
ot the unsaponified and saponified extracts, measured at 440 mmc in an Evelyn colorimeter, 
was equivalent to 40 and 35 mg of S-carotene, respectively, per kg of the edible portion of 
iresh fruit 

Countercurrent distribution runs (3) of 100 transfers were made in a glass Craig 
apparatus with both unsaponified and saponified pigments with solvent system I (petroleum 
ether-99% methanol, 1.8 to 1 by volume). A run of 200 transfers was made with the 
saponified carotenoids with solvent system II (benzene-petroleum ether-87% methanol, 
1 to 1 to 1.15 by volume). The color in each (100-transfer run) or alternate (200 trans 
fers) tubes of the Craig apparatus was measured in an Evelyn photoelectric colorimeter 
with filter 440, after addition of acetone to make the two phases homogeneous and to a 
definite volume (25 and 30 ml, respectively, with systems I and 11). Results were calcu 
lated as S-carotene (3) by use of a conversion table. 

For the runs with saponified material [from lots (b) and (c)] the contents of the 
tubes composing each fraction were combined, evaporated in vacuo, and the residues dis 
solved in petroleum ether (hydrocarbons and monols) or benzene, and chromatographed 


* A laboratory of the Western Utilization Research and Development Division, Agri 
cultural Research Service, U. S. Department of Agriculture. 
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on columns of magnesia (Westvaco No. 2642) plus filter aid (1 to 1 by volume Phe 


bands were fractionally eluted as previous 
the bands so obtained were run in a Cary recording spectrophotometet 


ly described (2). Spectral absorption curves of 


RESULTS AND DISCUSSION 


A. Countercurrent distribution with System I. Results of runs 
tem | for unsaponified and saponified carotenoids are summarized in 


TABLE 1 


Countercurrent distribution of apricot carotenoids with system I 
(petroleum ether-99° methanol) 


| (no free OH 
[I A (one free OH ) 
II B (one free OH 
one epoxide grou] 
[II] (> one free OH) 


lhe hydrocarbons amounted to about 88° of the total carotenoids. The re 
mainder consisted of about equal parts of monols and diols plus polyols. About 
70% of the xanthophylls were originally fully esterified. The minor fraction 
with an Njioo value of about 36 probably represents monol epoxides such as 


cryptoflavin (3-hydroxy-8-carotene-5’,8’ epoxide). The hydrocarbon (1), 


monol (IIA and IIB combined), and diol-polyol (11I-[\V) fractions were each 
chromatographed. The components obtained from the first two are given in 


lable 2. The components are listed in order of elution, the lowest number 
first. The diol-polyol fraction was found to be, as in oranges and peaches, very 
complex and incompletely resolved. Hence another run was made, with sol 
vent system II, in order to further fractionate these carotenoids before chro 
matography (see below). 

Hydrocarbon fraction (I). In the hydrocarbon fraction considerable 
phytoene (I-1) was found, together with a somewhat smaller amount of 
phytofluene (I-2); the a-carotene band (I-3) was quite small. The major 
band was £-carotene (I-+), which, together with a much smaller adjacent 
band (1-5), apparently a cis-8-carotene, amounted to about 60% of the total 
carotenoids. The cis-isomers, but not the polycis isomers, may be, at least in 
part, artifacts formed from the trans-isomers during the experimental pro 
cedures. The next band (I-6), which had a greenish fluorescence in ultra 
violet light, had spectral absorption maxima close to these of phytofluene and 
apparently had the same chromophoric system. 

Following zeta-carotene (1-7), which is a rather minor constituent, was a 
series of 8 bands (I-8 to I-15, Table 2) more pink than £-carotene. The spec 
tral absorption maxima and behavior on chromatography of the strongest of 
these bands (I-10) indicated y-carotene. A much weaker band eluted just 
ahead of it (1-9) appeared to be a monocis isomer. The next band (1-8) aftet 
zeta-carotene had a spectral absorption curve that was quite different but 
resembled that of pro-y-carotene (70), a naturally occurring polycis isomer 
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TABLE 2 
Carotenoid constituents obtained from apricots 


Fraction Constituent? PIE dO a2 Approx % * 
Phytoene 300), 287, 278 10 
Phytofluene 366, 347, 332 6.1 
a-Carotene 472, 443, 416 0.2 
f8-Carotene 477, 450, (427), 33 «4 3} 60 
( ‘is-B-carotene 470) r 446, ( 424) 5.9 j 
Phytofluene-like 369, 346, 333 1.4 
Zeta-carotene 5, 401, 368, 4 0.6 
Pro-y-carotene 434, 348, 0.5 >) 
Cis-y-caroten 454, 429, 0.3 -4.7 
- ‘arotene 459, 435, 3.9 ‘ 
Polycis lycopene : 465), 440 0.19) 
Polycis lycopene 469, 446, 347 y | 
Polycis lycopene 494), 466, (445), 362, (< 0.4 +48 
Neo-lycopene B 496, 465, 440, ’ 0.9 
Lycopene 503, 471, 443, 2 1.0 _ 


Hydroxy-a-carotene ‘ 474, 447, (424) 0.14 
Cis-cryptoxanthin 470, 445, (423) 

Cryptoxanthin 477, 450, (426), 3: 
Cis-cryptoxanthin 471, 447, (425) 
Hydroxy-zeta-carotene * 423, 402, (380) 
Cis-hydroxy-zeta-carotene ‘ 418, 397, (377) 

Cryptoflavin * 453, 427, 404 

Rubixanthin * 486), 454, 433 0.16 


Lutein 485, 456, 433, 1 
/ 


> 
Zeaxanthin 491, 463, (438), < 0. 


Carbony! * 421 0.01 
Lutein 5,6-epoxide 481, 450, 425, 3: 0.02 
Antheraxanthin isomer 483, 455, (430), 3: 0.06 } 0.13 
Cis-antheraxanthin 482, 454, 430, 3: 0.075 °° 
Flavoxanthin 461, 433, 409 0.03 
Mutatoxanthina 464, 437, (414), 3 0.14) 0.23 
Mutatoxanthin b 465, 439, 415 0.095 ~~ 


Violaxanthin isomer 476, 447, (422), 3: 0.09 } 0.28 
Cis-violaxanthin 477, 448, 423, 335 0.19§ ~~ 
Luteoxanthins 461, 432, 407, 319, ; 0.09) 
Cis-luteoxanthin a 454, 428, 406, \ 
Cis-luteoxanthin b 455, 428, 404, 

Auroxanthins 435, 409, 388, 


Persicaxanthin * 402, 381, (363) 
Sinensiaxanthin * 427, 407, (387) 
Trollixanthin-like 482, 451, 429, 
lrollichrome-like 459, 429, 405, 
Persicachrome * 373, 363, SX 0.09 


Cis-trollichrome-like 457, 428, 404 0.05 


Values in parentheses represent shelves or humps on spectral absorption curves. 
1 Cis-isomers (but not polycis or pro-isomers) may be artifacts 
2 Solvent for fractions I and II was petroleum ether; for LILA, IIIB, I1IC, and IV, benzene. 
* Calculated on basis of total absorption tituent at its pr ipal spectral absorption 
maximum. 
* Tentative identification 





THE CAROTENOIDS OF APRICOTS 193 


of y-carotene, which has not been produced artificially. Bands I-8, 1-9, and 
I-10, after iodine isomerization in light (4), had similar spectral absorption 
curves, as would be expected if they were y-carotene isomers. 

The last band eluted from the column (I-15) had a spectral absorption 
curve closely resembling that of all-trans lycopene. Fraction I-14 appeared 
to be a (there are several possible) monocis-lycopene; it was probably 
neo-lyopene B (13), since the cis-peaks were much too low for neo-lycopene 
\ (10). Fractions I-11, I-12, and 1-13 had spectral absorption curves 
that were quite different from those of I-15 or I-14, but after iodine 
isomerization they were all similar. Curves for I-11 and I-12 were quite 
similar to those of polycis lycopenes II and III, respectively, of Zechmeister 
and Pinckard (/2). Shapes of the spectral absorption curves of fraction I-11 
to 1-13 resembled those of various polycis lycopenes recently obtained by the 
stereoisomerization of prolycopene, a naturally occurring polycis isomer, by 
Magoon and Zechmeister (9). Hence prolycopene and/or other polycis lyco- 
penes must occur in the apricot, because polycis lycopenes, including prolyco- 
pene, have not been produced artificially from all-trans lycopene (11). 

Monol fraction (II). Due to the small amount of carotenoids present, the 
monol (II-A, Table 2) and monoepoxide monol (II-B) fractions were com- 
bined for chromatography. The principal component of the monol fraction 
was found to be cryptoxagthin. Two minor bands (II-1 and I1-7) resembled 
hydroxy-a-carotene and cryptoflavin, and another (11-8) appeared to be im- 
pure rubixanthin (hydroxy-y-carotene). Two minor bands (II-5 and II-6) 
were unlike any previously found ; spectral absorption maxima were at slightly 
lower wavelengths than zeta-carotene. Fraction [1-6 appeared to be a cis- 
isomer of II-5, since on iodine isomerization the spectral absorption maxima 
of the former were increased 2 mmc in wavelength, whole those of the latter 
were unchanged. These bands apparently were substances with the same num- 
ber of conjugated double bonds as zeta-carotene, and possibly were hydroxy- 
zeta-carotenes. 

B. Countercurrent distribution with System II. Because the chroma- 
tography of the diol-polyol fraction indicated the presence of a very complex 
mixture, a countercurrent distribution run was made on the saponified carote- 
noids from a larger quantity of apricots |lot (c)], with solvent system II. In 
this system the diol-polyol fraction can be separated into 4 parts: diols, mono- 
epoxide diols, diepoxide diols, and polyols (3, 6). The distribution of apricot 
carotenoids with this system is given in Figure 1. As expected, the hydro- 
carbon-monol fraction contained well over 90% of the total carotenoids; the 
diol fraction was somewhat larger than the monoepoxide diol, diepoxide diol, 
or polyol fractions. Three distinct maxima were apparent in the polyol frac- 
tion, probably indicating polyols of somewhat different distribution coefficients 
(the Nio9 values were 7, 11, and 20). Due to the small amount of polycls 
present, these were all combined for chromatography. The Nioo values of 
the other 4 fractions corresponded closely to those previously obtained with 
carotenoids from oranges, peaches, and other fruits. The components obtained 
on chromatography, given in Table 2, are quite similar to those previously 
obtained from the corresponding fractions of oranges (6) and peaches (2). 

Diol fraction (III-A). Chromatography of the diol fraction yielded lutein 
and zeaxanthin only, but with lutein in about 3 times the quantity of zeaxan- 
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Figure 1. Countercurrent distribution of saponified apricot carotenoids with system 
II (benzene-petroleum ether-87%% methanol). 











thin, whereas zeaxanthin was greater in oranges, tangerines, and peaches 
(0; F600 

Monoepoxide diol fraction (III-B). Constituents obtained from the mono 
epoxide diol fraction, all in quite small amounts, were very similar to those 
obtained previously from peaches (2). The spectral absorption curve of III-B-1 
had but a single maximum at 412 mmc in benzene; a similar minor fraction 
had also been obtained from peaches (2). Some carotenoids having a carbonyl 
group as a part of the conjugated double bond system have curves of similar 
shape. Two bands were apparently lutein 5,6-epoxide (III-B-2) and the cor- 
responding 5,8-epoxide flavoxanthin (III-B-5). Two pairs of bands were 
apparently antheraxanthin (zeaxanthin 5,6-epoxide) isomers and mutatox 
anthins (the corresponding 5,8-epoxides). The 5,6-epoxides are converted 
to 5,8-epoxides on contact with acids. In this fraction, the 5,8-epoxides were 
found in somewhat greater quantities than the corresponding 5,6-epoxides. 

Diepoxide diol fraction (III-C). This fraction was found to contain 
violaxanthin (zeaxanthin 5,6,5’,6’-diepoxide) and the corresponding 5,6,5’,8’ 


diepoxide (luteoxanthins) and_ 5,8,5’,8’-diepoxide (auroxanthins) isomers 


More luteoxanthins than violaxanthin were found, and about as much auro 
xanthins as violaxanthin, indicating that here also the 5,6-epoxide-5,8-epoxide 
isomerization had proceeded to a considerable extent. 

Polyol fraction (IV). This fraction on chromatography yielded compo 
nents which resembled valenciaxanthin, sinensiaxanthin, trollixanthin, trolli- 
chrome, and valenciachrome (6). From previous experience with other fruits 
it is very probable that this fraction was incompletely resolved and was con 
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) 


siderably more complex than indicated in Table 2. Further separation and 


characterization of the polyols was not attempted because of the very small 
amount of this fraction present. Peaches (2) were also found to contain 
ciaxanthin-like and valenciachrome-like constituents, which were not 1 
with valenciaxanthin and valenciachrome from oranges. The name 
caxanthin” and “persicachrome” were proposed for these components 
seems probable that the substances obtained from apricots were the same as 
the peach carotenoids rather th: rom oranges ; they are so designated 
in Table 2. 

In the apricot carotenoids, in 4 instances as noted above, greater amounts 


of 5,8-epoxides were found than of the corresponding 5,6-epoxides, whereas 


the opposite was the case in oranges (0), tangerines (7), and cling peaches 


Similar procedures were used in the extraction of the pigments and in further 
manipulations. The situation with [Elberta peaches (2) was similar to that 
apricots. The fruit used in these last two were ripe and soft, whereas tl 
peaches were quite firm. This suggests the possibility that 
such as apricots and Elberta peaches become ripe and soft, the < 


5,6-epoxide-5,8-epoxide isomerization may occur to a considerable ex 


above is a further indication that 5,8-epoxides such as auroxanthins, 
anthins, flavoxanthin, and mutatoxanthins are not necessarily artifacts, 
may occur in nature, as such, in acid fruits. A small amount of 5,6-epoxice 


5,8-epoxide isomerization may occur during extraction and subsequent manipu 
lation of carotenoids from plant products, but the ratio of 5,8- to 5,6-epoxides 
eate! 


found in the present work was much 


SUMMARY 


lhe carotenoids have been examined in a sample of apricots by m 


i 
countercurrent distribution followed by chromatography. About 88% 


( 


total carotenoids present were hydrocarbons, with about 6% monols, 3% diols, 
and smaller amounts of monoepoxide diols, diepoxide diols, and polyols 
B-Carotene amounted to about 60% of the total carotenoids. Vhytoene, phyto 
fluene, y-carotene, lycopene, cryptoxanthin, and lutein each accounted for 2% 
or more of the total carotenoids, while at least 18 other constituents wer 
present in smaller amounts. A part of the y-carotene and lycopene were re 
covered as polycis isomers including pro-y-carotene and 3 polycis lycopenes 
lhe 5,8-epoxides were obtained in greater quantities than the corresponding 


1 
] 
I 


5,6-epoxides, indicating that the 5,6-epoxide 5,8-epoxide isomerization had 


occurred to a considerable extent during ripening of the apricots 


Acknowledgment 


The author wishes to acknowledge the assistance of Glet 
spectral absorption curves. 
LITERATURE CITED 
1. BrocKMANN, H. Die Carotinoide der Aprikose Prunt 
216, 45 (1933). 
2. Curt, A. L. The carotenoids of cling peaches. Food Research, 24, 413 (1959 
3. Curt, A. L. Application of countercurrent distribution to Valencia orange jui 
carotenoids. J. Agr. Food Chem., 1, 456 (1953). 
4. Curt, A. L., anp Battey, G. F. Comparison of xanthophyllis from leaves and orang: 


juice. Food Research, 22, 323 (1957). 





196 A. LAWRENCE CURL 


. Curt, A. L., anp Battey, G. F. The carotenoids of Ruby Red grapefruit. Food Ke- 
search, 22, 63 (1957). 

. Curt, A. L., anp Battey, G. F. Polyoxygen carotenoids of Valencia orange juice. 
J. Agr. Food Chem., 2, 685 (1954). 

. Curt, A. L., anp Battey, G. F. The carotenoids of tangerines. J. Agr. Food Chem., 
5, 605 (1957). 

. Joyce, A. The effect of heat treatment on some plant carotenoids. In Color in Foods, 
National Academy of Sciences—Nat. Res. Council, Washington, D. C., 136 
(Nov. 1954). 

. Macoon, E. F., anp ZECHMEISTER, L. Stepwise stereoisomerization of prolycopene, a 
polycis carotenoid, to all-trans lycopene. Arch. Biochem. Biophys., 69, 535 (1957). 

. ZECHMEISTER, L., LERosen, A. L., ScHRoEpER, W. A., PoiGdr, A., AND PAULING, L. 
Spectral characteristics and configuration of some stereoisomeric carotenoids 
including prolycopene and pro-y-carotene. J. Am. Chem. Soc., 65, 1940 (1943). 

. ZECHMEISTER, L., AND PETRACEK, F. J. Absence of detectable poly-cis forms from 
heat-isomerized lycopene solutions. J. 4m. Chem. Soc., 74, 282 (1952). 

. ZECHMEISTER, L., AND PINCKARD, J. H. Some poly-cis lycopenes occurring in the fruit 
of Pyracantha. J. Am. Chem. Soc., 69, 1930 (1947). 

. ZECHMEISTER, L., AND’ PotcAr, A. Cis-trans isomerization and cis-peak effect in the 
carotene set and in some other stereoisomeric sets. J. Am. Chem. Soc., 66, 


137 (1944). 





ASCORBIC ACID STUDIES ON CHILLED, FRESH, AND 
FERMENTED ORANC ~ JUICE 


MERTON P. LAMDEN, CRISTINA E. SCHWEIKER, 
AND HAROLD B. PIERCE 
Department of Biochemistry, College of Medicine and Department of Home E. 
College of Agriculture and Home Economics, University of Vermont, 
Burlinaton, Vermont 


(Manuscript received April 11, 1958) 


During the course of a survey of the ascorbic acid content of orange 
juice products sold in Burlington, Vermont, in August, 1955, it was noticed 
that chilled orange juice in cartons distributed by certain dairies to homes 
and retail stores was considerably lower in ascorbic aid content than the 
juice of freshly squeezed oranges purchased locally a: the same time. The 
results were not at all consistent with the description on the orange juice 
cartons or with advertising claims. In addition, the low reduced ascorbic 
acid values suggested that considerable oxidation had occurred. This led us 


to investigate more thoroughly the ascorbic acid content of chilled orange juice 


sold commercially in the community, including not only determinations of 


reduced ascorbic acid but also of dehydroascorbic and diketogulonic acids. 


EXPERIMENTAL 
I, Study of Commercial Chilled Juices 


When the study began there were 2 brands of commercial chilled orange juice in 
cartons available locally. One of the products was straight Florida orange juice and 
the second consisted of a blend of fresh Florida orange juice and reconstituted frozen 
Valencia juice. Both products were shipped refrigerated to Burlington. Four months 
later a third brand, consisting of straight Florida juice shipped refrigerate’ from 
Florida, appeared on the Burlington market. For sampling, a carton of each brand 
was obtained shortly after delivery to homes in each of 3 different sections of the city. 
Three more cartons of each brand were obtained in this way one week later giving 


a total of 6 samples for each brand delivered to the home. In addition, a carton of each 


brand was obtained from each of 3 retail grocery stores in different sections of the city. 
This was also repeated one week later giving a total of 6 samples of each brand delivered 
t i t 
to retail grocery stores. Disregarding the source, the total number of samples of each 
brand was therefore twelve. Within an hour after being obtained, a 
g 
being analyzed for ascorbic acid, dehydroascorbic acid, and diketogulonic acid by the 
2,4-dinitrophenylhydrazine method of Roe, Mills, Oesterling, and Damron (5). In 


addition, 2 samples of 6 Florida oranges each, and 2 samples of 6 California oranges 


™ 
ll 
il 


samples were 


each were obtained in local stores. The juice of the 6 oranges comprising each sample 


was expressed, pooled, and immediately subjected to the above determinations 


II. Study on Refrigeration of Freshly Squeezed Orange Juice 
Florida oranges purchased locally were squeezed and the juice pooled. Two-ounce 
bottles were completely filled with juice, capped, and stored in the refrigerator at 


4-5°C. At weekly intervals a bottle of juice was removed from the refrigerator and 
analyzed for ascorbic acid, dehydroascorbic acid and diketogulon | 


III. Fermentation Studies on Fresh Orange Juice 

A. To determine whether any relationship existed between fermentation of orangé 
juice and its ascorbic acid concentration, several Florida oranges were squeezed and 
the juice divided into 3 lots. The first lot was prepared to contain 0.1% baker’s yeast 
initially and, to prevent fermentation, the enzyme poison sodium iodoacetate was added 
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to make a concentration of 0.001 M. The second lot was prepared to contain the same 
amount of yeast but no sodium iodoacetate. Nothing was added to the third lot. With 
each lot, 2-0z bottles were filled, lightly capped to allow any fermentation gases to 
escape, and stored at room temperature (about 25-27°C) for 7 days during which 
time periodic analyses for ascorbic, dehydroascorbic, and diketogulonic acids were run 
on duplicate samples. 

B. Bottles of the following solutions were prepared as before: (1 50 mg 
ascorbic acid solution in glass-distilled water, (2) 50 mg% ascorbic acid solution 1 
vlass-distilled water and 0.001 M_ with respect to iodoacetate, (3) orange juice con 
taining initially 0.1% yeast, (4) orange juice containing 0.1% yeast and made 0.001 M 

th respect to iodoacetate, (5) same as (4) but gassed by the addition 
and capped when under slight COs pressure. On days, 0, 1, 2, 4, and 7, two bottles 
of each lot were opened, sampled, aliquots titrated for ascorbic acid in triplicate using 
] 


2,6-dichlorophenolindophenol (17), and contents of the bottles then discarded 


RESULTS AND DISCUSSION 
I. Study of Commercial Chilled Juices 


able 1. he averaged value for the 


The results are summarized in 1 
reduced ascorbic acid content of the 3 chilled orange juice brands was con 


or 


siderably lower than the value of 49 mg% (based largely on reduced 
ascorbic acid determinations) given for fresh juice in the U. S. Department 
of Agriculture Handbook No. 8 (6) and also lower than the value for juice 
freshly squeezed from oranges purchased in Burlington. (In January, 1958, 
ascorbic acid determinations were again carried out on brands A, B, and C 
Each contained about 39-40 mg% reduced ascorbic acid, a substantial im 
provement for brands A and B and no change for brand C which had been 
39 mg% originally.) In general, those samples low. in reduced ascorbic 
acid had increased amounts of dehydroascorbic acid [at least 80% active 
against scurvy (2)] and diketogulonic acid (without antiscorbutic activity ). In 
the freshly squeezed juice, on the other hand, the ascorbic acid was found 
to be present largely in the reduced form in agreement with a previous 
report (3). 
\lthough the data are not shown, there was remarkable ag 
values of 3 samples of a given brand collected from the stores on 
day. The situation was similar for 3 samples of a given brand collected 
from homes on the same day. However, the values for similar sets 
samples, collected one week later, were generally not consisient witl 
values of the previous weel 
TABLE 1 
The ascorbic acid content of commercial chilled orange juice 


F 
Brand Ascorbic acid 1ydroascorbic acid Dike 


Average 27.2 
Fresh juice? 47.4+ 10.0 
(38-60) 


1 Values are averages for 1 
2 Values are av for 2 sa 
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A comparison of the values of ascorbic acid in cartons delivered to the 
home and to the store is given in Table 2. There was greater oxidation of 
ascorbic acid in store-cartons of brands A and C than in home-cartons. 
The data on brand B indicate that the difference in reduced ascorbic acid 
between the store and home samples was not significant. 

The total ascorbic acid values determined by the dinitrophenylhydrazine 
procedure can be misleading at first glance to one concerned with the anti- 
scurbutic activity of the orange juice. For example, the average total ascor- 
bic acid concentration of store samples of brand A consisted of only 58% 
ascorbic acids (reduced ascorbic acid plus dehydroascorbic acid) having anti- 
scorbutic activity. In addition about half of this was dehydroascorbic acid 
which is unstable, mutarotating to non-antiscorbutic diketogulonic acid (4). 


II. Study on Refrigeration of Freshly Squeezed Orange Juice 


The results (Fig. 1) are in agreement with those of Mills et al (3). 
After 2 weeks the juice had still retained 91.5% of its reduced ascorbic acid 
and 89.0% of its reduced ascorbic plus dehydroascorbic acids. One possi- 
bility for increased oxidation of ascorbic acid in the commercially chilled 
orange juice may be inadequacy of refrigeration. That refrigeration was 
not always adequate is suggested by the fact that on 5 occasions commercially) 
chilled orange juice was found to be fermented (alcoholic fermentation ) 
on the very day that it was procured. Unexpectedly, the ascorbic acid 


Py 


neat >Tot. ASA 





Red. ASA 


 ——_ 


———— ne 








WEEKS AT 4- 5° C. 


Figure 1. Ascorbic acid values for freshly squeezed Florida orange juice refrig 
erated for four weeks at 4-5° C. Tot. ASA = total ascorbic acid; Red. ASA reduced 
ascorbic acid; DHA = dehydroascorbic acid; DKG = diketogulonic acid. 
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concentration in these fermented samples was comparatively high while 
samples with really low values were not fermented. 


III. Fermentation Studies on Fresh Orange Juice 


The orange juice with added yeast was fermenting (gas formation) 
vigorously within 8 hours, whereas fermentation was not evident until the 
second day in the juice without added yeast. No gas formation occurred 
during the 7-day test in juice containing added iodoacetate. The results 
are shown in Table 3. After 7 days there was still 80-90% retention of 
reduced ascorbic acid in the fermented juices whereas there was only 16% 
retention in the non-fermented juice containing iodoacetate. Several ques- 
tions arose from this set of experiments. Did iodoacetate oxidize ascorbic 
acid or catalyze its oxidation? Was the sparing action of fermentation due 
to reactions that reduce dehydroascorbic acid or was it due simply to oxygen 
utilization and COs. formation ? 


TABLE 3 


Degradation of ascorbic acid in fermented and unfermented orange juice 
during storage at room temperature 


Days stored at 
Material 
11 »1 


ma% ma% 
Orange juice Ascorbic acid 3. 40.7 39.4 
(fermented ) Dehydroascorbic acid : 2.9 0.4 
Diketogulonic acid i : 6.1 

Orange juice Ascorbic acid ; 
w/added yeast Dehydroascorbic acid : 3. 0.5 


(fermented ) Diketogulonic acid : a 4.5 

Orange juice Ascorbic acid 3.3 3 36.9 
w/added yeast De hydr« yascorbic acid . Gee 1.4 
and iodoacetate Diketogulonic acid 3 j 8.1 
(unfermented ) 


\verage of detern 


lo answer some of these questions another set of experiments was 


prepared (See II, B of the Experimental section). The results are shown 
in Table 4. Iodoacetate did not enhance the oxidation of ascorbic acid in 


aqueous solution. The fermented orange juice retained about 87% of its 
ascorbic acid whereas orange j plus yeast with iodoacetate to prevent 
fermentation retained only 31% of its ascorbic acid rhe same solution 
treated with COs retained about 70% of its ascorbic acid 


\lthough the fermentation studies are to be considered preliminary, the 


results suggest that the sparing action of fermentation on the ascorbic acid 


content of orange juice is related to a considerable degree to the utiliza 
tion or removal of oxygen and its displacement by COs resulting from 
yeast metabolism and fermentation. Since the sparing actio1 f COs in 
nonfermented juice was not so great as that occurring in fermented juice, 


here remains the possibility that, in addition to oxygen removal and CO, 


t 
formation, the reactions of fermentation, particularly those involving hydro 


gen and electron transfer, act to maintain ascorbic acid in the reduced 


state. The action of iodoacetate appears to be mainly as an ii:hibitor of the 
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TABLE 4 
Degradation of ascorbic acid in pure solution and in orange juice 
stored at room temperature 


Reduced ascorbic acid—mg % 
Jays at 25-27° C 


Ascorbic acid 

Ascorbic acid + Iodoacetate 

Orange juice + Yeast (fermented ) 

Orange juice + Yeast + lodoacetate 
(unfermented ) 

Orange juice + Yeast + Iodoacetate + CO 
(unfermented ) 


1 Averages of determinations on two bottles 


fermentation process since it was not found to catalyze the oxidation of 
ascorbic acid in pure solution. 


SUMMAXY 


The average reduced ascorbic acid concentration of commercial chilled 
orange juices purchased in Burlington, Vermont in 1955 and i956 was 
3 


27.2 + 11.2 mg%, only 57% of the value for juice from fresh oranges 
also purchased locally and 55% of the value for fresh orange juice given 
in the U. S. Department of Agriculture Handbook No. 8. 

Dehydroascorbic acid and diketogulonic acid were found in all samples 
of chilled orange juice tested. Where reduced ascorbic acid was present 
in low amounts compared to fresh juice, the amounts of dehydroascorbic 
acid and diketogulonic acid were relatively high. 

A given brand of chilled orange juice delivered to the home did not 
have the same ascorbic acid content as the identical brand sold in the 
grocery stores at the same time. 

The ascorbic acid content of freshly squeezed orange juice refrigerated 
at +-5° C decreased 25% during four weeks and did not increase substan 
tially in oxidized forms until two weeks later. 

Fermentation with yeast considerably enhanced the stability of ascorbic 
acid in orange juice stored at room temperature. 

Bubbling CO, through orange juice which was protected against fer- 
mentation by the addition of iodoacetate had a considerable sparing action 
on the ascorbic acid present. 
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BOTTLED ACEROLA JUICE ALONE AND COMBiNED 
WITH OTHER FRUIT JUICES*® 
KATHERINE O. FITTING ann CAREY D. MILLER 
Department of Foods and Nutrition, 


iversity of Hawai Agricultural Experiment Station 


(Manuscript received April 15, 1959) 


Malpighia punicifolia, Linn., commonly called by its Spanish name 
“acerola” and known as the West Indian cherry or the Barbados cherry, 
is a small, bushy tree native to tropical and semitropical regions of America. 
At present, it is the richest edible fruit source of ascorbic acid reported in 


the literature. 

Asenjo and deGuzman (J) first reported that fully ripe cherries grown 
in Puerto Rico contained from 1030 to 2700 mg of ascorbic acid per 100 g 
and that unripe fruit might contain as much as 3300 mg/100 g. They also 
established that the vitamin in the fruit was pure L-ascorbic acid by iso- 
lating it in crystalline form. In 1950 Asenjo and Moscoso (2) reported 
additional studies and recommended the use of acerola juice to fortify 
juice low in ascorbic acid. 

In 1952, Mustard (6) suggested that the homemaker use acerola juice 
for jellies, punch bases, and ice cream. Nieva (7) discussed the extraction, 
processing, canning, and keeping quality of acerola juice prepared com- 
mercially and noted that heating and canning altered the color and flavor. 
Losses in ascorbic acid of canned juices stored at room temperature (80 
to 85° F) for one year ranged from about 50 to 80% but were only about 
20% when stored at 45° F. 

This paper reports the results of studies conducted to determine the 
stability of the ascorbic acid in acerola juice and in three Hawaii fruit 
juices after fortification with the juice from ripe and half-ripe acerola. 
The frozen and bottled products were also subjected to organoleptic tests 
before and after different periods of storage. 

The Horticulture Department of the University of Hawaii Agricultural 
Experiment Station has established test plots of the acerola in Hawaii and 
has determined that the tree thrives here. Preliminary tests by the Foods 
and Nutrition Department showed the fruit to contain ascorbic acid within 
the range of values first reported by Asenjo and deGuzman (1). 

Because this fruit may be grown in home gardens of Hawaii or used 
as a decorative shrub, some basic information on home freezing, canning, 
and uses of this fruit was needed. Although the methods and results herein 
reported are for laboratory processes that might be adapted for home use, 
they are also applicable to commercial processes. 

Figure 1 shows the physical characteristics of the fruit which is bright 
red when fully ripe. The three seeds are large compared to the quantity 


* Published with the approval of the Director of the Hawaii Agricultural Experiment 
Station as Technical Paper No. 443. 

>From a thesis by Katherine O. Fitting submitted in partial fulfillment for the degree 
of Master of Science. 
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of flesh, but because of their light and pithy nature the seeds constitute 
only about 20% of the weight. The cherries used in these experiments 
ranged in size from approximately 34 by ™% in to 13¢ by 1 in and in weight 
from about 2 to 12 g. 


MATERIALS AND METHODS 


Preparation of juices. Juice was prepared from both half-ripe and ripe acerola. 
For present purposes, ripe denotes a cherry that is fully red; half-ripe, one that is 
pink or red on less than half its surface and pale green on the remainder. Mixed lots 
of ripe and of half-ripe acerola from the Department of Horticulture test plots were 
used. These plants showed variable growth characteristics and some differences in 
quality of the fruit. 

Two types of acerola juice were prepared, hot-pressed and cold-pressed. The hot- 
pressed juice, which is more practical for the homemaker, was prepared by cooking 
the fruit with an equal weight of water until soft (5 to 10 min). The mixture was 
cooled slightly and brought back to the original precooked weight by adding distilled 
water. Juice was obtained by straining the cooked cherries through 2 thicknesses of 
cheesecloth. 

Cold-pressed jucie, though not practical for the homemaker, could be prepared com- 
mercially with mechanical equipment. In the laboratory, cold-pressed juice was made 
by mashing the cherries in an aluminum rotary puréer lined with cheesecloth. To bring 
this juice to essentially the same concentration as the hot-pressed juice, an equal 
volume of water was added. 

No sugar was added to the acerola juice used to fortify other juices. 

Hot-pressed acerola juices prepared from ripe and from half-ripe fruit were each 
equally divided into 2 lots. One lot of each was frozen without sugar, and to the other, 
sugar was added in a ratio of 1 part sugar to 4 parts juice. Other samples of ripe 
and half-ripe hot-pressed acerola juice prepared with sugar were bottled. Cold-pressed 
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Figure 1. Fruit and seed of acerola. Top, left to right: Cross section of the acerola, 
longitudinal section of the acerola. Center: Acerola of different sizes showing stem and 
blossom ends. Bottom: Acerola seeds. 





























STABILITY OF ASCORBIC ACID IN ACEROLA JUICI 


acerola juice samples with and without added water and with sugar in two different 
proportions were frozen but not bottled. 

Fresh pineapple juice was prepared by squeezing the edible portion in 2 thicknesses 
of cheesecloth. Sugar was added in a ratio of 1 part sugar to 20 parts pineapple juice 

Passion fruit juice was prepared mechanically at the Food Processing Laboratory 
by use of a paddle pulper. Sugar was added in a ratio of 1 part sugar to 2 parts juice 
A similar product can be prepared in the home by cutting the fruit in half, removing 
the pulp and squeezing it in 2 thicknesses of cheesecloth. 

Since fresh juice cannot readily be extracted from ripe guavas, a watery extract 
was prepared. Sufficient water was added to sliced guavas to almost cover the fruit 
which was then boiled for 15 to 20 min. The mixture was poured into a muslin bag 
and hung up to drain. Sugar was added in a ratio of 1 part sugar to 8 parts juice. 


FORTIFICATION OF JUICE FOR STORAGE 


Each lot of fruit juice (pineapple, passion fruit, or guava) was divided into 3 
equal portions. To one portion, hot-pressed ripe acerola juice was added and to the 
second, hot-pressed half-ripe acerola juice; the third was stored unfortified as the control. 

Because passion fruit juice is usually diluted with water in a ratio of 2 parts water 
to 1 part juice to make a palatable drink, the amount of acerola juice added was sufficient 
to make about 50 mg of ascorbic acid per 100 ml in the diluted product 

The Foods and Nutrition Department has previously found that, although good 
sources of ascorbic acid, both frozen and bottled guava juice lose varying amounts of 
the vitamin when stored. It seemed worthwhile to determine whether or not acerola 
juice influenced these losses. The freshly prepared juices were assayed for ascorbic acid 
and sufficient acerola juice added to bring the concentration of the product as consumed 
to approximately 60 to 70 mg ascorbic acid per 100 ml. 

All juices were frozen and bottled in sufficient quantities for ascorbic acid determina 
tions and organoleptic testing. 


STORAGE OF JUICE 


Frozen juice. Prepared juices were stored in pint plastic bags. After pressing out 
the air and sealing, the bags were placed inside moisture vapor proof cardboard con- 
tainers. The smaller quantities of acerola juices were frozen in aluminum freezer trays 
Each cube was then covered with “Saran wrap” and all cubes of like kind were placed 
in plastic bags for storage. 

Bottled juice. Small lots of juice were boiled for 3 min, poured into hot sterilized, 
8 oz, dark green bottles and capped with metal, cork-lined bottle caps. Bottles were 
stored away from light at room temperature. 


TEST PERIODS 


Ascorbic acid conte f all juices were determined 0, 3, ¢ 


storage. Two frozen packages and 2 bottles of each of juice wer 
period uri I arly 1 t! f the experimen : 

i t i " ! a 
100 ml and did not varv more 1% in ju with ascorbic acid under 
mean values for the samples are reported for each test period. In tl 
| 


10 mg/ 100 ml; 
months 


iples above 20 1 100 ml varied as mu 


DETERMINATION OF ASCORBIC ACID 


netric method of det 
ind Ponting (4) and 
ter was employed. 


1 at each period 


RESULTS AND DISCUSSION 


Acerola juice. Seven lots of ripe an 
1 


weight from less than 1 lb to more than 


7 of half-ripe acerola, varying in 
Ib 


1 
2 Ib each, were used over a period 
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of 2 months for 14 lots of hot-pressed juice prepared in the manner described 
above. The quantity of juice extracted averaged 48% for the ripe acerola 
and 35% for the half-ripe. The ascorbic acid content of the ripe juice 
varied from 1010 to 1240 mg with an average of 1100 mg/100 ml and the 
half-ripe juice showed a range of 1160 to 1370, with an average of 1250 mg/ 
100 ml. The pH of each lot was not determined but several samples of 
hot-pressed acerola juice averaged 3.3. 

Results of the storage tests are summarized in Table 1 and Figure 2. 
\ll the frozen acerola juice whether hot-pressed or cold-pressed and whether 
from ripe or half-ripe cherries retained approximately the same percentage 
(82 to 87%) of ascorbic acid at the end of an 8-month storage period. The 
bottled product, on the other hand, retained only about 60% of the original 
ascorbic acid at the end of a similar storage period. Neither diluting the 
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RIPE ACEROLA JUICE 


HALF-RIPE ACEROLA JUICE 


PINEAPPLE JUICE CONTROL 
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Figure 2. Retention of ascorbic acid in bottled and frozen juices after 8 mi chs’ 
storage. 
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juice with water nor adding sugar appeared to affect the stability of the 
ascorbic acid in the frozen product. 

Pineapple juice. The stability of the ascorbic acid in pineapple juice 
fortified with juice from ripe and half-ripe acerola is illustrated in Table 2 
and Figure 2. There was almost 90% retention of the ascorbic acid in the 
frozen fortified juices and about 70% in the bottled juices after storage 
for 8 months. 

Passion fruit juice. Results of tests on the stability of ascorbic acid 
in passion fruit juice frozen and bottled after fortification with juice from 
ripe and half-ripe acerola are shown in Table 2 and Figure 2. Undiluted 
passion fruit juice has a very strong flavor, and, as previously noted, it was 
fortified with acerola juice to the extent that when diluted with 2 parts water 
to 1 of juice the product would have approximately 50 mg ascorbic acid/ 
100 ml. 

Retention of the ascorbic acid (84 and 88%) in the fortified frozen 
passion fruit juices was similar to that for pineapple, but the bottled juices 
retained only about 60% or approximately 10% less than the bottled 
pineapple juice. 

Guava juice. Work in this laboratory had previously indicated that 
bottled guava juice (a watery extract as previously described) retained only 
70% of the original ascorbic acid after 11 months of storage despite its 
high acidity (pH 3.5) (5). In a later set of experiments guava juice pre 
pared in the same manner showed a retention of 80 to 85% of the ascorbic 
acid after 12 months’ freezer-storage (8). 

Although the period of storage was less for the experiments reported 
here, results shown in Table 2 and Figure 2 demonstrate clearly the su- 
perior retention of ascorbic acid in the frozen product (90%) as compared 
with the bottled (67%). Additional experiments would be required to 
determine whether or not acerola juice will reduce the rate of loss in 
guava juice. 

All of the fortified juices retained ascorbic acid to about the same degree 
after 8 months’ storage. 


EFFECT OF FREEZING AND BOTTLING UPON THE COLOR AND 
FLAVOR OF ACEROLA JUICE AND OF OTHER JUICES 
FORTIFIED WITH ACEROLA 
Acerola juice. The color of the juice when first prepared was an 
] ] 


attractive pink. After 2 weeks of frozen storage it had developed an orange 


tint, which it retained for the remainder of the storage period. The color 


tL. the and of i 


of the bottled juice changed from a pale pink to amber 
3-month storage period but did not seem to change thereafter. 
had less color than that from ripe cherries. 
\fter thawing, colored particles precipitated in both ripe 
juice stored without sugar, forming a layer of liquid with high 
the bottom and a pale layer on top. The color of the ripe and_half-ripe 
juices stored with sugar remained homogeneous, indicating that sugar had 
stabilizing effect. The cold-pressed juice which was frozen with sugar 
retained color somewhat better than the hot-pressed. That which was 


bottled changed to the same amber color as the bottled hot-pressed juice 
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here was no perce ptible change in flavor of the frozen or bottled acerola 
juices after storage for 8 months. 

Fortified juices. \ taste panel rated the frozen and bottled fortified 
juices after 0, 3, 6, and 8 months of storage. Three samples, identified only 
by number, which contained juice fortified with ripe acerola juice, juice 
fortified with half-ripe acerola juice and unfortified juice were placed before 
the panel members. The panel was instructed to compare the three num- 
bered samples with a control sample of unfortified juice for flavor and color, 
and to evaluate the numbered samples on the basis of an over-all or general 
impression. 

Fortification of frozen pineapple juice, passion fruit juice, and guava 
juice with ripe and with half-ripe acerola juice had little if any effect on 
flavor and color of juice throughout an 8-month storage period 

Fortification of bottled (heated) pineapple juice and guava juice with 
ripe and with half-ripe acerola juice likewise had little if any effect on 
Havor and color of juice. All samples of bottled (heated) passion fruit 
juice showed only slight changes in color, but deteriorated markedly 


flavor during storage to the extent that they were definitely unpalatable 


SUMMARY AND CONCLUSIONS 


The acerola (Malphigia punicifolia, Linn.), also known as the West 


Indian or Barbados cherry, is generally acknowledged to be the richest 
edible fruit source of ascorbic acid, ca 2000 mg/100 g. 

Juices, prepared in the laboratory, which contained approximately 1200 mg 
ascorbic acid per 100 ml were frozen and bottled with and without sugar. 
Unsweetened acerola juice was used to enhance or fortify three tropical 
fruit juices—pineapple, passion fruit, and guava—which were then frozen 
or bottled. 

After storage for 8 months all frozen juices retained similar proportions 
of ascorbic acid, 82 to 92%. All bottled juices retained consistently less 
ascorbic acid, approximately 60 to 70%. 

\cerola juice had little or no effect upon the color or flavor « 
fortified juices. Sugar appeared to have some stabilizing effect uy 


color of frozen acerola juice 
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Nutritional problems of the South Pacific region are extreme 


1 


plex and differ widely within th 1. Lhe low atolls, the high islands, 


and the large land masses of the New Guinea—Solomons Archipelag 
have their own peculiar set 


Since the end of the war, concentrated efforts have been made 
different organizations nvestigate some of these problems In partict 
the Australian Government nized a full-scale nutritional survey in 
Papua—New Guinea in 1 an vo international bodies—the South 
Pacific Health Service and the South Pacific Commission 
sections and have carried out nutritio1 irveys of many Pacific territories 

\s part of the South ic Commission’s nutritional and subsistence 
economy programs, a laboratory wi ablished in 1954 in Noumea, New 
Caledonia, to determine the proximate composition of local foods being used 
by the Pacific peoples. This work was extended in 1956 to include cert 
vitamin analyses, and a start was made to determine the amino acid co! 
tent of the foods lhe laboratory as closed because of a lack of fund 
at the end of 1956. A general report of the work has been published (1é 

\ survey of the literature (77) showed thi ittle had been 


lished on the composition of South Pacific 
report helps to fill in some of the blanks. 


EXPERIMENTAL 


Methods of analysis. Moisture was 


entrainment distillation method using toluene as tl listilling a 


rent 


of crude fiber. It gave reproducible results mparable with 


The method of van de Kamer and van Ginkel (23) was used for 
t 


acid-alkaline digestion method and was much simpler to use than thi 
Crude fat was determined by the Soxhlet extraction metl 
solvent Because of the / | 
i-isopropyl ether (B.P. 68.5° C 


determined by 


reducing sugars were detern 
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alumina, type H, was used as the adsorbent. The eluent consisted of 3% acetone 
in 65°-70° C petroleum ether. Eastman-Kodak carotene containing 20% a- and 80% 
3-carotene was used for the standard calibration curve. 

For thiamine determinations the samples were digested and purified according 
to Methods of Vitamin Assay (4) and the thiochrome was prepared and determined 
using the modified method of the Kraft Foods Ltd. laboratory in Melbourne, Australia. 
This modification consists of first extracting the acid potassium chloride eluent with 
water saturated n-butanol to remove some of the interfering substances. The thio- 
chrome was then developed by adding 1 drop of 2% potassium ferricyanide to the 
thiamine solution to which has been added alkaline methanol. The thiochrome is 
extracted into glass redistilled n-butanol and read on a fluorimeter. 

Riboflavin analyses were not made as the filters necessary for the fluorometric 
method were not received until after the laboratory had been closed. 

The chemical method recommended by the Methods of Vitamin Assay (4) was 
generally followed for niacin determinations. However, because of the small amounts 
of niacin present in most of the plants tested, the method was changed so that 10 g of 
sample was hydrolyzed with 15 ml ION HCI and 45 ml of water for at least 8 hr, 
filtered and all of the filtrate used for adsorption on Lloyd’s reagent. 

The 4-methoxy-2-nitroaniline method of Schmall et al (21) was used for deter- 
mining ascorbic acid in coloured solutions and the 2,6-dichlorophenol indophenol visual 
titration method was used for colourless solutions (3 

Amino acids were determined on a 150 cm Dowex 50 x 8% column using thé 
method of Moore and Stein (12 Cystine and methionine were determined after 


performic acid oxidation as described by Schram et al (22). 


Collection of samples. The samples examined came from widely scattered areas of 
the Pacific and were flown to Noumea. The samples were collected by territorial agri- 
cultural or medical officers or by Commission personnel visiting the areas. The pro- 
cedure used for the preservation of the samples during shipment was based on that 
described by Munsell et al (14 In most cases Waring blenders were not available 
and the samples were very finely chopped with a knife. 

Each collector was provided with a set of instructions, data sheets for recording 
weight of food used and geographical background and sealed ampules containing 2 g 
ot oxalic acid crystals. Two samplings were prepared, one consisting of 400 g or 14 oz 
ot the food with 2 g oxalic acid and 200 ml water and the other consisting of 50 g 
or 2 oz of the food with 2 g oxalic acid and 200 ml water. Except for samples of 
2 leaves from Papua, carotene determinations were made only on fresh samples obtained 
in New Caledonia or on uncut tubers or Pandanus fruit. These leaf samples wer: 
preserved by the method described by Munsell et al (14) for carotene samples. Tubers 
were forwarded uncut and legumes were sent dry. 

Photographs, leaves and flowers were also collected for botanical identification of 


the specimens. The origin of the various samples is shown in Table 1 


RESULTS AND DISCUSSION 


A full description of the various plants and the ways in which they are 


used is given by, Barrau (5, 6) and Massal and Barrau (10). 


Results obtained for the proximate composition and vitamin content 
are given in Table 2. For ease of interpretation these results are divided 
into (a) roots and tubers, (b) starches, (c) fruits, (d) nuts, (e) leaves, 
(f) saps and juices, (g) others. The amino acid analyses of taro and yams 


are given in Table 3. 
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TABLE 1 


Origin of samples 


Common 1 


Bread fruit 
fresh 


smoke al 


Bambx 0 sl 


100ts 
\ibon (mangrove 


fruit preparatior 


Pigeon Pea 


Pawpaw (papaya 


truit greet 


Coconut 
1 
palm sap 
mature meat 
green meat 
water 


apple 


tubers 
iCaVes 
, , 
Pumpkin leaves 


Taro 


“oy ’ 
icaves 


Hibiscus leaves 


Polynesian chestnut 


Sweet potato 
vellow 


white 


\pia, Western Samoa 

Reet Is., British Solomon 
Is. Protectorate 

Mandum, Netherlands 
New Guinea 


lands New Guinea 


Caledonia 


Noumea, New Caledonia 
Noumea, New Caledonia 
Muting, Netherlands 
New Guinea & Noumea, 
New Caledonia 


Biak, Netherlands New Guinea 
Noumea, New Caledonia 
Noumea, New Caledonia 
Noumea, New Caledonia 
Noumea, New Caledonia 


aledonia 


lie a New Caledonia 
Noumea, New Caledonia 


Goilala, Papua 
Santo, New Hebrides 


Goilala, Papua 


Various districts, 
New Caledonia 
Mare, Loyalty Is 


Ateu, New Caledonia 
\teu, New Caledonia 


Netherlands New Guinea 
\te u, Ne v ( aledonia 


Marouke, Netherlands 
New Guinea 


Tie, New Caledonia 
Apia, Western Samoa, 


Sigatoka, Fiji 


Noumea, New Caledonia 
Noumea, New Caledonia 
Wissel Lake Ss, Netherlands 
New Guinea 
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Lumnitzera racemosa 


Manthot dulcis 


Metroxylon sagu 


VWusa pardisiaca var. 
saprentum oleracea 


Vipah fruticans 


andanus juli 


I } 
Pandanus sp 


’ , 
frandanus sp 


I 


Pandanus sp 


>} . } 
Phaseolus linatu 


) 
olMuccana 


thunbergiana 


randatfiora 


1a expansa 


nflora 


TABLE 1 (continued) 


Common name 


Mangrove leaves 


‘sweet” cassava 
tubers 
leaves 


Sago and sago preparations 
Sago boengkoes 


Sago bulu 


Sago ega 


Sago lempe ne 
I> 
NAW Sago 


Sago senol 


ago sep 
Banana rhizome 
Nipa 

palm sap 


Rice 


Imported and Fijian 


Pandanus 
“nuts”, smoked 
Pandanus 


Pandanus 


Pandanus 


Bean 


Fern root flour 


flows rs 
tuber 
Polynesian arrowroot 


New Zealand spinacn 


Leaves 


Dried Fis! 
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Origin 
Oundjo, New Caledonia 
Noumea, New Caledonia 
Noumea, New Caledonia 


Muting, Netherlands 
New Guinea 


Muting, Netherlands 

New Guinea 
Biak, Netherlands New Guinea 
Mandum, Netherlands 

New Guinea 
Mandum, Netherlands 

New Guinea 
Biak, Netherlands New Guinea 
Biak, Netherlands New Guinea 


] ifou, Loyalty Is 


Waropen, Netherlands 
New Guinea 


Suva, Fiji 


Goilala, Papua 
Marita, Papua 
Noumea, New Caledonia 


Tarawa, Gilbert and Ellice 
Islands colony 


Goilala, Papua 


Fredrik Hendrik Is., 


Netherlands New Guin 
Ateu, New Caledonia 

a, New Caledonia 

a, New Caledonia 

, Papua 
1is., French 
Caledoniz 
Caledonia 


Noumea, New Caledon 


Goilala, Papua 


Malaita, British Solomon 
Islands Protectorate 
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TABLE 3 
Amino acid composition of taro and yam 
Yam 
White variety Red variety 


4.3 4.1 
0.4 0.5 
0.8 1.0 
5.1 14.8 
9.0 9.5 
0.6 


6.1 


Alanine 

8-Alanine 
1-amino-n-butyric acid 
Arginine 

Aspartic acid 

Cy stine 

Glutamic acid 

Glycine 

Histidine * 
Hydroxyproline 
Leucine * 
[so-Leucine * 
Lysine * 
Methionine * 
Phenylalanine 
Proline 
Serine oe 
Chreonine* 10.0 

Tyrosine 1.5 

Valine * 4.3 3.3 


Ammonia 10.0 11.9 11.5 
Total Nitrogen* 210 mg/100 g 268 mg/100 g 346 mg/100 g 


1.7 
2 
JS 


6 


wn 


SH ty & 
wi UI bo by 


to 


* 


1 Expressed as amino nitrogen as a percent of total nitrogen 
2? Fresh weight basis 
* Amino acids ¢ ntial for mar 


(a) Roots and Tubers 
Taros 

Colocasia antiquorum, Colocasia esculenta, Xanthosoma sagittifolium and 
Cyrtosperma chamissonis were examined. In all, some 20 different sam- 
plings of tubers drawn mainly from New Caledonia, were studied for their 
proximate compositions. Four samples of the leaves of Colocasia esculenta 
were analysed for proximate composition; one sample each of Colocasia 
esculenta, Cyrtosperma chamissonis and Xanthosoma sagittifolium tubers 
were examined for the vitamin content. 

From the figures obtained, it can be said that all the taros are poor 
sources of carotene, ascorbic acid, niacin and fat, but fair sources of thiamine. 
The Colocasia and Cyrtosperma are better sources of protein than the Xan- 
thosoma, but none of the taros constitutes a good protein source. [¢xcept- 
ing for the Colocasia antiquorum and the Cyrtosperma the total nitrogen 
figures are lower than the average figures given in the literature (1/7). 

rhe leaves of Colocasia esculenta, however, constitute a reasonable source 
of protein, and a mixture of taro tubers and leaves would be expected to 
give a good balanced diet. In many areas both tubers and leaves are eaten 
together. 

It will be seen from Table 3 that the taro has a very low content of 
iso-leucine, aspartic acid, and glutamic acid. This was observed with 
all the hydrolyzates examined. The arginine and threonine contents are 
high, the methionine content is extremely good for a vegetable protein, 


whilst the content of the other amino acids is fair to good. -alanine was 
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found in nearly all samples examined in approximately the same concen- 
tration as for alanine. In all the Colocasia examined a strong and distinct 
peak was found between alanine and valine corresponding to the position 
of a-amino-n-butyric acid when a synthetic mixture containing this amino 
acid was chromatographed. Circular paper chromatograms (Giri, 8) were 
run using material collected from a column and pure synthetic a-amino-n- 
butyric acid. Both spots had the same Rf value and, when mixed, moved 
as a single spot. From this evidence it was concluded that Colocasia contain 
a-amino-n-butyric acid. 

An unknown peak was observed in several samples, coming just aftet 
valine, but insufficient material was obtained to enable any identifications 
to be made. 


Sweet potatoes 

\ll the sweet potatoes examined were /pomoea batatas. Quite big dif 
ferences were found in the colour and texture of the tubers, the colou 
varying from a dead white to a deep orange. The carotene content was 
found to be correlated with the depth of colour. This relationship | 
the subject of work by Arthur et al (2). 

Eighteen samplings were examined for proximate composition, 10 “white” 


las been 


varieties and 8 “yellow” varieties. There was little or no difference in 


the proximate composition between the 2 varieties except that the total 


nitrogen figure of the white varieties was higher than the yellow varieties, 
both on a-dry and fresh weight basis, 

The ascorbic acid content of sweet potatoes was considerably higher 
than all the other roots examined, and fell within the range of published 
figures. The thiamine content was low but the niacin content was fait 
The white variety appeared to have approximately three times as much 
niacin as the yellow variety, but insufficient analyses were mad 


whether these figures were significant 


Yams 


[wo species of yams were examined—Dioscorea alata and Dioscorea 
pentaphylla. In each species there were two marked varieties based on 
colour differences. The ). alata varied in colour from white to a purplish 
red, and the D. pentaphylla from green to a deep purple. Two samplings 
of both varieties of D. pentaphylla were examined for proximate composi 
tion and 21 samplings of D. alata, 8 red varieties and 13 white varieties 
were examined 
The proximate composition of botl varieties of LD) pent 

] 


similar on a dry weight basis, although the total nitrogen and water content 


of the green variety did appear to be higher than the purple variety, but 
from only 2 samplings it is hard to draw any valid conclusions. The vitamin 
| 1 


rie acid 


content of both varieties was low, there being only traces of ascor 
and very little thiamine and niacin 

For the red and white varieties of D. alata, the proximate composition 
was the same on a dry weight basis although there was a considerable dif 
ference in the water content of both varieties. The water content of the 


white variety ranged from 51.5-58%, with a mean value of 54.5%, and 


the results in Table 2 are based on this mean figure of 54.5% The water 
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content of the red variety ranged from 62.0-73%, with a mean value of 
68%, this last figure being used as the basis for the results. 

The vitamin content of D. alata was also low although higher than 
D. pentaphylla. The ascorbic acid content ranged from a trace to 8 mg%. 
The thiamine figures were higher than those published for Hawaiian varie- 
ties (11), but the niacin content was only about half the Hawatian values. 
In each case it was found that the red or purple varieties had a higher 
carotene content than the white or green varieties. White varieties were 
found to have at the most only a trace of carotene and in several samples 
no carotene could be detected. 

The red D. alata was not a good source of carotene containing only 0.10 
0.15 mg%. The D. pentaphylla was a better carotene source, having 0.55- 
0.73 mg%. Insufficient samples were examined, however, to be able to 
draw any firm conclusions on the possible relation of colour to carotene 
content in yams. 

[he amino acid composition of both varieties was very similar on the 
basis of amino acid percentage of total nitrogen, as is shown in Table 3. 
The sulphur amino acid content of the yam proteins was low and, excepting 
for possibly serine and glutamic acid, the content of the other amino acids 
may be ranked as poor to fair. Proline and hydroxyproline were both pres- 
ent. A small amount of -alanine was also found, together with a small 
amount of a-amino-n-butyric acid. This latter amino acid was also found 


in taro and coconut protein. 


Banana corm 
One sampling of Musa paradisiaca, var. sapientum oleracea was obtained. 
This corm comes from a fruitless variety of banana which in outward 


appearance resembles the ordinary banana. The corm resembles a Xantho- 


soma corm in appearance and is prepared and used in a similar manner to 
taro. 

The main difference between this food and the taros, yams and sweet 
potatoes is its relatively high content of soluble sugars and consequent re- 
duction in starch content. It contains only a trace of ascorbic acid and 


is low in the other vitamins. 


Cassava, Manioc 

3oth the tubers and leaves of Manihot dulcis were examined. Manihot 
dulcis is the “sweet” cassava and may be eaten cooked, similarly to taro, 
without any intricate preparation, as the toxic glycoside content is much 
lower than in Manihot esculenta or Manihot utillissima, the bitter variety 
found in Africa, Asia, and South America. 

The results obtained generally agree with other published work (7). 
The leaves are an extremely good source of carotene, a fair source of niacin, 
and a good source of ascorbic acid. The tubers, however, are not a good 
vitamin source, having no carotene and only minor amounts of the other 
vitamins estimated. The tubers may generally be regarded as composed 


only of starch and water. 
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Magnana, Kudzu 

Two samples of Pueraria thunbergiana tubers were obtained. These were 
the long roots of a vine and were extremely fibrous. The use of Pueraria 
thunbergiana has declined considerably and it is now mainly used only 
during food shortages and emergencies. It is an exceedingly poor vitamin 
source, but it does contain 0.2% nitrogen (total). The protein, however, 
was not examined. Its high fibre content detracts considerably from its 
food value. It is also difficult to prepare for use. 


Solanum sp. 

The sample of a Solanum tuber from Papua was received. This tuber 
appeared to be a good food. It contained 0.5% nitrogen on an 80% approx 
water basis and was a good source of carotene and a fair source of niacin 


(b) Other Starchy Foods 
Breadfruit 

Two samples of fresh breadfruit, Artocarpus altilis, were received from 
Western Samoa and a sample of dried breadfruit was received from the 
British Solomon Islands. 

\ note on the composition of these breadfruits has been published (19 
he main point of interest was the variation in the calcium content. In the 
dried breadfruit the calcium content was about three times higher than 
anticipated, and was probably due to contamination by coral dust during 


its preparation 


Aiborn 
\ibon is a starch paste preparation made from the fruit of a mangrove, 
Bruguiera ertopetala. It is used widely in parts of Netherlands New 


Guinea. One samp 


l 
le only was received and this was shown to have a rela 
| 


t al 


ais 


tively high protein content (about 2.5% N on a fresh weight basis ) 


had a relatively high ash and fibre content. 


Fern root flour 

[wo samples of a flour prepared from the root of Pf 
received from Netherlands New Guinea. This flour is 
the fern root and extracting the ground material with water a squeezing 
through “cloth.” The extract is then dried in the su he “flour” had 
an extremely high fibre content, l { 
protein (N x 6.25) 
Sago 

Samples of raw sago (Metroxylon sagu) and of 6 sago preparations were 
received from Netherlands New Guinea. Method of preparing the vari« 
izos is as follows: 

Raw Sago: The trunk of the sago palm is split and the pith is removed 
by grating or crushing with a stone adze or sharpened piece of bamboo 


lhe crushed sago is kneaded by hand whilst it is being washed, and the 


S< 


starch and water mixture is collected and filtered through a fibrous “cloth.” 
Then the drained starch is partially dried and either stored in small palm 


leaf basket or processed further. 
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Sago Boengkoes: The raw sago is made into a thick paste or dough 
is drawn out into a rod shape, wrapped in a palm leaf and roasted on a fire 

Sago bulu: Hollow bamboos are filled with a raw sago paste and cooked 
over a fire. 

Sago ega: The sago is pressed into brickettes and wrapped in sago palm 
leaves. 

Sago lempeng: The raw sago is placed in tins or other receptacles and 
baked until it is hard and dry. 

Sago senole: The raw sago is mixed with grated coconut and baked in 
the form of a flat cake or biscuit. 

Sago sep: This is similar to sago lempeng except that the raw sago is 
baked into thin flat biscuits on a hot stone or other flat surface. 

Excepting for sago senole it can be said that all sago preparations ex 
amined consisted only of starch and water in varying proportions with 
small amounts of extraneous ash and fibre derived during preparation. 
Raw sago contained a small quantity, 35 mg, of total nitrogen, but this 
seems to be lost during the various preparative procedures. 

In all, 4 different shipments of sago preparations were received, each 
containing at least 2 samplings of the sago preparation. As would be 
expected, the water content varied considerably and average values have 
been taken. The sago ega samples received, however, fell into 2 general 
classes on a water content basis and the results of these 2 classes are given. 

From a nutritional point of view, the only preparation which had any 
value, other than as a source of calories, was sago senole. The addition 


of grated coconut added nitrogen and fat, both of which are either com- 
pletely lacking, or present only in trace proportions in the other sago 


preparations examined. 


Polynesian arrowroot, Tacca 

One sample of tacca flour (7Tacca leontopetaloides) was examined. This 
flour was prepared from tacca tubers in the Tuamotu Islands by washing the 
grated tuber twice with sea water, once with fresh water, and then drying 
in the sun. This procedure removed a bitter substance which was present in 
the fresh tubers. 

The flour consisted essentially of starch and water, but did contain 3% 
ether extractable material. 

(c) Fruits 
Pawpaw (Papaya) 

Eight samplings of the ripe, fresh fruit of Carica papaya, 5 samplings 
of the green fruit, and 5 samplings of young leaves were examined for proxi- 
mate composition. 

Both green and ripe fruit had a very high water content. On a dry 
weight basis, the total nitrogen values were good. The leaves had quite a 
high protein content. The results obtained for leaves and fruit agreed 
reasonably well with figures that had been previously published (1 


17). 
Eugenia fruit 

Two samples of the fruit of Eugenia jambos were examined for proxi 
mate composition. As a food they may be regarded as being just average, 
not possessing any outstanding properties. 
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Fig 
\ sampling of a New Caledonian native fig, Ficus racemigera, was 
examined. The fruit was small, about f an index fingernail in 
diameter, but sweet. 
lhe carotene content was good, nearly 1 mg%, but the « 


ontent ot other 


vitamins was low. 


Pandanus 

lhe three samplings of fresh pandanus fruits (Pandanus sp.) were 1 
ceived from Tarawa and two prepared samplings from Papua. Two sam 
plings of the roasted nuts of Pandanus julianetta were also received from 
Papua. The pandanus constitutes an important part of the diet of the atoll 
peoples of Micronesia and Polynesia. 

The pandanus from Tarawa were a deep orange in colour. Miller e¢ al 
12), stated the yellow orange colour was due to carotenoid pigments. How 
ever, it was found that the pigments in the Tarawa pandanus was water 
soluble and gave typical anthocyanin reactions. The carotene 
(range 0.009-0.013 mg% ), which is mucl 


content was 


found to be only 0.011 mg% 
below Miller’s figures, 0.184—-1.242 mg%. Unfortu tely, the New Guinea 
pandanus samplings had not been prepared for carotene assays. The niacin 
content of the New Guinea pandanus was good. It was found that the 
Tarawa pandanus contained an extremely active ascorbic acid 
rests were made on New Caledonian pandanus, which are inedible, 


these were found to possess no ascorbic acid oxidase activity 


oxidase 


but 


Pandanus “keys” are extremely fibrous, and the analyses were made on 
edible portions of the Tarawa pandanus omitting much of the fibre which 
would normally be discarded after chewing. This would account for the 
big difference in fibre content between the Tarawa and New Guinea pan 
danus, as the latter were prepared by chopping up the whole “edible” seg- 
ments. The total nitrogen content of both species of pandanus was good 
The New Guinea pandanus also contained a high ether extractable content 

Che Pandanus julianetti nuts were prepared by roasting the pandanus 
keys and then removing the edible nuts. ‘These nuts had a high niacin and 
a good crude protein content. The amount of ether extractable material was 
also high. The high fibre content was caused by cellulose strands which 
adhere closely to the nut, however, much of this cellulose is discarded after 
chewing. 

(d) Nuts 
Coconut 


Ithough the coconut, Cocos nucifera, has been the subject of much 


work previously, many determinations were made on the nut at various 


stages of ripening, and for specific constituents. Values obtained for the meat 
and water of the nut agree generally with figures which had been published 
previously (16). 

The coconut 
when the nut is sprouting, was of interest, as on some atolls this is often 
the only fresh “vegetable” available, and is widely eaten both raw and cooked 


“apple,” a spongy mass which develops inside the coconut 


The water content was high, but on a dry weight basis it had a_ high 
content of protein and soluble sugars. 
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“Toddy,” the sap of the coconut palm is very widely used as a drink 
It is prepared by binding a flower spathe just before it opens and slicing 
off the end. The sap oozes from the cut end and is allowed to drip into a 
container and is collected once or twice a day. After each collection the end 
of the spathe is shaved to expose a fresh surface. The process continues 
until the spathe has been shaved away completely. If allowed to stand, the 
toddy rapidly ferments. In some areas only unfermented toddy is drunk, in 
others only fermented toddy, and in still others both forms are consumed. 


Polynesian chestnut 

Three samplings of /nocarpus edulis were obtained, two from Fiji and 
one from Western Samoa. These nuts had a low fat and a high starch con- 
tent. The protein content was comparable with that of the coconut. Simi- 
larly to the coconut, the ascorbic acid content was low but, by contrast, 
the thiamine content was high. 


(e) Leaves 
Bamboo shoots 


One sample of bamboo shoots, Bambusa sp., was received from Nether- 
lands New Guinea. These had a relatively high protein content, but other 
wise were of little interest. 


Pumpkin leaves 

One sample of the leaves of Cucurbita pepo was received from Papua. 
This was found to be a good source of carotene and protein, and was 
rich in soluble reducing sugars. 


Dammaropsis kingiana leaves 
The one sample of Dammaropsis kingiana leaves received from Papua 
was found to be a good source of carotene and protein. 


Gnemon leaves 

One sample of the leaves of Gnetum gnemon from Netherlands New 
Guinea was examined. This sample showed a very high water content, and 
unlike the other leaves examined, a high starch content, about 60% on a 
dry weight basis. 
Hibiscus leaves 

Leaves of //ibiscus manihot are widely eaten as a green vegetable and 
several samplings were obtained in New Caledonia. These showed a good 


protein content and a high content of ether extractable matter. The water 


and fibre contents were also high. 


Mangrove leaves 

Leaves of the mangrove, Lumnitsera racemosa, are used by the natives 
of New Caledonia as an emergency food during periods of food shortage. 
One sample was examined which showed a high fibre and ether extract 
content and a reasonable protein content. 
Sesban leaves and flowers 


Sesbania grandiflora is a large tree found throughout Indonesia and the 
Pacific. In many areas it is an ornamental tree, but it is used in Indonesia, 
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Netherlands New Guinea and French Oceania as a food tree; both the 
leaves and flowers being eaten. 

The leaves were found to be an extremely rich source of carotene and a 

very good source of ascorbic acid and thiamine. The protein content was 

also found to be good. On the other hand, the flowers were only a fair 


source of vitamins and protein. 


New Zealand spinach 

New Zealand spinach, 7etragonia expansa, is found throughout the 
Pacific. On the low atolls, it is one of the few green vegetables. It grows 
generally along beaches and in sandy regions. Samples were obtained from 
New Caledonian beaches. 
Wedelia biflora 

Widelia biflora is a plant with succulent leaves which are used as a 
cooked green vegetable by the natives in New Caledonia. Two samples 
were examined. 

(f) Saps 

Nipah sap 

A “toddy” is prepared from the palm, Nipah fruticans, similarly to the 
coconut “toddy.” One sample of unfermented Nipah ‘“‘toddy” from Nether- 
lands New Guinea was examined for its sugar content. 


(g) Others 
Pigeon pea 


A type of pigeon pea, Cajanus pseudocajan, which is eaten both fresh 
and dry was examined for its proximate composition. The dry pulse was 
found to have a high protein and starch content and would constitute a 
good food, even though the fibre content tended to be high. The thiamine 


content was very low. 


Dried fish 

In the British Solomon Islands, fish flakes were prepared by cleaning 
the fish and boiling them for 30 min in a mixture of 3 parts sea water and 
1 part coconut water. After cooking, the bones were removed and the 
flesh was broken into small pieces which were slowly dried for 24 hr over 
a small fire. The final product consisted of yellow-brown flakes 4-™% inch 
long, which had a pleasant though slightly smoky taste. 

rhese flakes had a high protein content, were very palatable, and kept 
well (20). 


Fungus 
A sample of fungus from Papua was examined 
good source of niacin and a fair source of protein 


Chis was found to be a 


Rice 

Samples of rice were received from Fiji 
ported white rices from India and Thailand and a white rice grown and 
milled in Fiji, and a Fijian padi. The results generally agree with the 


These samples were of im- 


published figures. 
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Bean 
A sample of Phaseolus lunatus was received from Papua. This was a 
good source of niacin and protein and contained a high content of soluble 
reducing sugars. 
CONCLUSIONS 


From the analytical results obtained, it would seem that an adequate 
and balanced diet could be derived from the local foodstuffs. However, it 
must be realized that the foods examined were drawn from many parts of 
the Pacific and therefore they would not all be available in any one area. 
In particular, is this true of those people existing on an extremely limited 
diet, such as the sago eaters of New Guinea. The analytical figures obtained 
for the various sago preparations and observed intakes of other foods re- 
ported by Oomen and Malcolm (7/5) would indicate that these people are 
grossly lacking in such essential food constituents as protein. However, there 
are many other factors that would have to be investigated before any firm 
conclusions could be made. 

From the amino acid analyses, the quality of the proteins of taro appear 
to be good, whilst those of yam are poor. It would be interesting to see 
whether there is any correlation between the colour of sweet potatoes and 
their nitrogen content. On the figures presented it would seem that there 
could be. The need for a greater knowledge of the amino acid composition 
of South Pacific foods is clearly indicated. 

A study which should be undertaken, and which was begun in this work, 
is the composition of the coconut at all stages of maturity from the “drinking 
nut” stage to the sprouted nut stage. Time did not allow the study of the 
amino acid composition of coconut water at various growth stages to be 
made. A definite change in the sugars and the total nitrogen of the water 
during maturation of the coconut was observed and it would be interesting 
to see if there was any change in the free amino acid content and the relation 
of the various amino acids with each other. At present it can be said that 
the coconut is an extremely valuable food which should be more thoroughly 


exploited as such. The present tendency is for the food role of the coconut 


to be superseded by its “cash crop” role. In many areas it is being replaced 
as a food by cassava and similar foods, a tendency which is to be deplored. 

The results reported for pandanus are at considerable variance with those 
of Miller et al (12), especially regarding the carotene content. No previous 
reference can be found describing the nature of the pigments present in the 
fruit. It appears to have been generally accepted that the colour was due 
to carotenoid pigments and that pandanus was a good source of carotene 
It would appear from the results reported here that this is not the case 
with all pandanus, and in fact the pandanus from the Gilbert Islands are a 
poor source of carotene. Unfortunately, the pandanus growing in New 
Caledonia are of inedible species, and do not appear to colour to the same 
extent as those present in other parts of the Pacific. Further work on 
this subject could not be undertaken because of the difficulty in obtaining 
suitable material. 

Several of the lesser known foods examined would make valuable addi- 
tions to the diets of many groups in the South Pacific region if they were 
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introduced. The nuts of Pandanus julienctti are a good source of protein, 
fat, and niacin. Sesbania grandiflora leaves are an extremely rich source 
of carotene and ascorbic acid and a fair protein source. Pawpaw leaves 
are a good protein source and have been reported in the literature as being 


rich source of carotene. The pigeon pea is a good protein source. 

the dried fish and smoked bread fruit, both from the British Solomon 
Islands, are good examples of local practices in food preservation, which 
could be easily adapted to other parts of Pacific and which could become 
valuable supplementary foods or items of trade. 

The exposure of the indigenous peoples of the South Pacific to European 
influences over the last century or century and a half has had a great effect 
on the peoples themselves and on the economy of the islands which they 
inhabit. Some of the peoples, especially in parts of New Guinea, still live 
in Stone Age communities, and know only a strict subsistence economy, 
whilst others, such as the peoples of New Caledonia and parts of the French 
Establishments in Oceania, have been more influenced by Europeans and 
Chinese and have neglected their traditional subsistence crops such as taro, 
yams and coconuts for cash crops such as coffee and copra. A pattern is 
now developing whereby the economy of the South Pacific islands is being 
based more and more upon the production of some staple foods supplemented 
by imported foods purchased from the proceeds of the sale of cash crops. 

In some areas, Europeans and Asians have introduced a number of good 
food plants, such as various types of beans. This has been counterbalanced, 
however, by the introduction of European cooking utensils and methods 
which are often inferior to the traditional native methods in preserving 
the bulk of the nutrients. 

lhat there should be a change-over from a subsistence economy to a 
cash economy and from traditional practices to European methods of food 
preparation is to be expected. It should be the responsibility of territorial 
administrations to assist in this transition and every attempt should be made 
to maintain adequate nutritional standards, and to improve existing stand- 
ards where these are not as high as they could be. Two points which 
should be borne in mind are: 

(a) every effort should be made to improve certain species and varieties 
of the traditional food plants and to keep these in the new agricultural 
patterns ; 

(b) the island peoples should be 2ducated in the relative values of local 
and imported foods and in the various methods of food preparation 

rhe substitution of cassava and foods of this nature for taros is a retro- 
gressive step. These foods lead to a marked imbalance in the diet and a 


general falling off in the health of the peoples. 


SUMMARY 
Results are presented for the proximate composition of 62 foods, for 
the amino acid composition of two staple foods and for the vitamin content 


of 38 foods used in the South Pacific. 
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There is great variation in the chemical composition of fish flesh. Data 
included in previous reports (6, 7) indicate that variations in composition 
of the fish depend on a number of factors including (a) size, (b) sexual 
maturity, (c) season and area of capture, (d) method of storage, and 
(e) part of fish from which sample is taken. 

Few data on the composition of halibut are found in the literature 


Watt and Merrill (8), in their comprehensive Composition of Foods make 
one reference to halibut, listing it as having 18.6% protein and 5.2% oil 
These values have been quoted frequently (4). Bailey (2, 3) found that 
the oil content in a series of small specimens ranged from 0.15% to 5.79% 
In more recent work, McBride and MacLeod (5) found small- and medium 
size halibut to contain 58.9 and 62.0 mg/100 g, respectively, of sodium and 


452 and 475 mg/100 g, respectively, of potassium. The average composi 
e 7 


tion of 11 small halibut analyzed in our laboratory in 1938 was as fol 
lows: moisture 78.8%, oil 1.82%, protein 18.6%, and ash 1.20%. Seven 
medium-size halibut analyzed here in 1953 showed about the same average 


composition: moisture 78.0%, oil 2.70%, protein 19.1%, and asl 
Because no data were available on the composition of large fi 


the composition of different parts of the same fish, an intensive study was 


begun to determine variations in chemical composition of halibut flesh 


} _ ; } } 


and to correlate the data with (: 
from which sample was tal 
refrigerated on board the 
; halibut used in this work were both large i 
aluable, a study of the present ype would have been 
le except that, fortunately, most of the halibut were n 
as the result of a scientific ex] 1 
time the study was begun 
The data obtained indicate th: 
Pacific Northwest fishery product 
lower in oil than was previously th 


content than have most salt-water 


EXPERIMENTAL 

Collection of specimens. Eight iced and 37 frozen specimens of halibut rangi 
size from 2 to 95 pounds were collected during the summers of 1957 and 1958 

were captured in the area that extends from the north end of Vancouver Island 
Kodiak Island. The 8 iced halibut were purchased in Seattle and taken directly fre 
fishing vessels. These iced halibut had been eviscerated on capture, then stored in 
for not more than 7 to 10 days, and were in good condition. The 37 frozen halibut wer« 
obtained from the U. S. Fish and Wildlife Service’s charter vessel Tordenskjold in 1957 
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and from its exploratory fishing vessel John N. Cobb in 1958. These halibut, frozen 
whole immediately on capture, were kept frozen until samples were prepared. 

Limitations of study. The quantity of fish included in this study was not adequate 
for a comparison of the variations in composition with area and season of capture. Since 
the iced fish had been eviscerated prior to delivery and since the viscera of the frozen 
fish were usually not thawed, no attempt was made to classify the halibut according to sex. 

Definition of terms. Halibut is a flat fish with both eyes on the same (upper) side. 
It swims on its side, with reference to head and viscera. The upper side is dark green 
and is called the right side. The lower side is white and is called the left side. Com- 
mercial cuttings are either longitudinal fillets or cross-sectional steaks. On either side 
of the head is a small pocket of flesh called the cheek. Underneath the skin along the 
center of each side is a thin layer of dark meat. The soft layer of flesh next to the 
viscera is called the belly flesh. Evisceration of the fish forms 2 thin flaps of flesh called 
belly flaps. The carcass contains a spine with 2 sets of rib-like bones that grow at 
right angles to each other. The 4 quarters of flesh thus formed are called fletches. The 
nape of a fish is the section of flesh next to the head. 

Preparation of samples. Samples were from 10 subcommercial-size frozen halibut 
(under 5 lb), 19 small-size frozen halibut (5 to 20 lb), and 8 large-size frozen halibut 
(20 to 95 lb) and from 8 large-size iced halibut (20 to 95 lb). Thus, there were samples 
from 37 frozen and from 8 iced fish. 

The frozen halibut were partially thawed, and samples removed while the flesh was 
cold or partially frozen. Before the samples were taken, each fish was washed and then 
measured for length and weight. Using factors of 10% for the heads and 12% for the 
viscera, we calculated what the weights would be with heads and viscera removed as in 
commercial practice. 

Samples from the 10 subcommercial-size frozen fish were prepared from the com- 
bined right and left fiilets only. Samples from the 19 small-size frozen fish were from 
the combined right and left cheeks, dark meat, belly flaps, and fletch tips and from steak 
sections from the right and left sides of nape, center, and tail parts. Samples from the 
8 large-size frozen fish were taken in the same manner as were the samples from the 
19 small-size frozen fish except that 2 additional steak samples from the front of center 
and rear of center were taken. All parts were from separate sides. 

Samples from the 8 large-size iced fish were taken in the same manner as were 
samples from the 8 large-size frozen fish. Samples from the iced fish were taken while 
the fish were still chilled. 

Each sample, whether from frozen or iced halibut, was ground in a meat cutter, 
vacuumed sealed in a %4-lb can, and stored at —28° C until analyzed. 

Methods of analysis. Each sample was analyzed for moisture, oil, protein, and ash 
contents and for sodium and potassium contents by standard methods of analysis (1) 


RESULTS AND DISCUSSION 


Fillets of the 10 subcommercial-size frozen halibut had a fairly uniform 
composition. Average composition was: moisture 79.4%, oil 0.6%, protein 
19.8%, ash 1.35%, sodium 45 mg/100 g, and potassium 430 mg/100 g. 


Composition data for the 35 halibut (27 frozen and 8 iced) of commer- 


cial size are shown in Tables 1, 2, and 3. The fishing industry classifies 
halibut into 6 weight groups ranging from 5 to over 80 Ib. The small num- 
ber of specimens in each of the larger groups in the present study made 
such a classification impractical. For comparative purposes, the 3 weight 
groups used in the tables are small (5 to 20 Ib), large (20 to 95 lb), and 
combined small and large (5 to 95 Ib). The last classification—combined 
small and large—is included to permit a comparison of values for the total 
weight range of commercial specimens. 

Variations in composition of the different parts of the 27 frozen fish with 
size and part of fish when sides of fish were combined are shown in Table 1. 
The cheeks were low in oil, protein, ash, and potassium, and very high 
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COMPOSITION OF DIFFERENT PARTS OF HALIBUT FI 


in sodium. With increasing size of fish, the constituents remained about 
the same except that sodium decreased and potassium increased. Although 


the cheeks are considered to be a great delicacy by many fish gourmets, 
li 


they were lower in food value than most of the other parts. The dark m 


of the tish showed the greatest amount of variation. Oil content was highet 


in the dark meat than in any other part (up to 16%), and increased with 
size of fish. It averaged 5 times higher than in the belly flaps. The dark 
meat was low in both protein, with the minimum being 15%, and ash, 
with the minimum being 1.1%, and the values decreased with increasing 
size of fish. However, sodium and potassium contents remained about the 
same, as the size of fish increased. Belly flaps and fletch tips are minot 


parts in quantity, but of interest because of their high oil content. In both 
parts, the oil content increased with size of fish, but was 2 to 3 times higher 
in tips than in belly flaps. Maximum values were 3% for belly flaps, 14% 
for fletch tips Steak sections, which represent the major part of food serv 
ings, showed the most uniform composition and the least variation with 
size of halibut. Since the front of center and the rear of center sections had 
intermediate- values between the adjacent nape, center, and tail sections, 
only these latter three are included in the table. Oil content was usually 
less than 19, the average being 0.7%. Highest values were found in the 
nape. The center section was usually higher in protein and potassium and 
lower in sodium than either the nape or the tail. The high sodium content 
of some tail sections was surprising, since it was sometimes 2 to 5 times 
as high as in the center part. 

Variations in composition of frozen halibut flesh with size and part of 
fish showed little variation between right and left sides (Table 2) except 
in oil content. Only in the larger fish were analyses made on the sides 
separately for cheeks, dark meat, belly flaps, and fletch tips. In these parts, 
the oil varied from 0.4% to 16.8%. In the dark meat, the oil was often 
twice as high in one side as in the other, but neither side predominated 
consistently. Fletch tips were usually higher in oil content than were bells 
flaps, and in both parts, higher values were found more frequently in the 
left or lower side. In a number of the larger fish, all 4 fletch tips were 
analyzed, and in these, the dorsal tip consistently was higher in oil than 
was the ventral. Steak sections were uniformly low in oil, seldom exceeding 
1%, and little difference was found between the 2 sides. The other con 
stituents were fairly uniform in the 2 sides, except where variations in oil 
content caused small fluctuations. 

Variations in composition of the flesh with size and part of fish for 
both frozen and iced specimens, when sides of fish are combined, are shown 
in Table 3. As might be expected, iced fish were slightly lower in protein, 
ash, sodium, and potassium than frozen specimens. The decrease repre 
sented drops of 5% for protein and about 10% for the other constituents 
in comparison to the amounts of these constituents in the frozen fish. Most 
halibut are brought to port in ice; hence these slightly lower values repre 
sent the amounts normally found in halibut flesh. Iced fish were mucl 
higher in oil than were frozen specimens, but this higher oil content cannot 
be attributed to storage method. In iced halibut as in frozen, the dark meat 


1¢ 1 


had the highest amount of oil, with a maximum of 37.4% he right side 
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was considerably higher in oil than was the left for both dark meat and 
belly flaps. In one sample, values were 40.5 and 34.3, which gave the high 
average of 37.4% quoted above. 

The amount of moisture in halibut flesh and its variations have not been 
emphasized in the above discussion, since moisture usually varies inversely 
with oil content. For steak sections, the moisture averaged about 78%, 
which is in the normal range for most fish. 

The small amount of flesh between the skin and fin, external to the 
flesh of the fletch appeared to be so oily in nature that, to satisfy our 
curiosity, we took samples from a few of the larger fish. These samples had 
an oil content of 20 to 40% and averaged about 30%. The oil was light in 
color, very fluid, and had but slight odor. This part of the halibut is never 
included with the edible portions removed from the fish, but it is interesting 
that the small amount of flesh found in this exposed part of the fish was 
composed of about one-third oil. This oil appeared to be of high quality. 


SUMMARY 
Chemical analyses of the various parts of halibut flesh taken from 
frozen and iced specimens collected in the summers of 1957 and 1958 from 
Vancouver Island to Kodiak Island showed great variation in composition 
Major variations were found in the minor parts such as dark meat, belly 
flaps, and fletch tips. Differences between right and left sides were not 
significant except for the oil content. Steak sections were quite uniform 
in composition and averaged less than 1% oil, about 21% protein, and about 
50 mg of sodium per 100 g of fish. Iced halibut were considerably lower 
in ash and in sodium and potassium than were the frozen. Practically all 
halibut flesh is frozen. Since it is not usually held in refrigerated brine on 
board the vessel and ordinarily not brine dipped in the freezing process, 
it provides a source of high protein that can be included even in diets most 
restricted in sodium. 
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Chemical indices to determine the extent of spoilage of fish primarily 
have been used in attempts to correlate the degree of spoilage with the 
amounts of intermediate and end products of fish-tissue decomposition such 
as trimethylamine (13, 14, 26, 28), ammonia (21, 28, 31), volatile acids 
(14, 17, 26), indole and skatole (12, 29), and others (1, 3, 4, 8, 14, 15 
24, 26, 30). In general, the content of these substances has been found to 
increase in fishery products undergoing spoilage. Whether these increases 
are measurable and indicate the degree of spoilage during an early stage 
or indicate the onset of spoilage before it can be detected organoleptically, 
however, is questionable 

It would seem that a test to measure the disappearance of constituent 
substances of fish tissues during spoilage perhaps would be a more logical 
basis for such an index. These substances might disappear in a more 
gradient manner than the intermediate or end products might form, at least 
during initial stages of decomposition, since numerous and complex pathways 
may be involved in the decomposition of the constituent substances and in 
the formation of the ultimate products. 

It was considered of value in the present study, therefore, to find some 


substance in fish tissue that could be utilized in a critical experiment to 


evaluate the approach to spoilage indices proposed here. Cystine was 
chosen for study since the S-S bonds joining peptide chains are quite 


g 
labile and since results from chemical studies have indicated that hydrogen 
sulfide (1, 26, 27) and sulfhydryl-containing compounds (3, 18, 25) 
increase in fishery products undergoing spoilage. 

lhe reported increases in the content of sulfhydryl compounds during 
spoilage indicated the desirability also of determining a change in the total 
sulfhydryl content of unspoiled and of spoiled fish tissue. Any decrease 
in the content of cystine then might be correlated with an increase in the 


content of total sulfhydryl groups during spoilage. It also would be 


desirable to determine the total nitrogen, free ammoniacal nitrogen, and 
total aerobic bacterial plate count in the unspoiled and spoiled fish tissue 
to provide further indications of spoilage and clearer insight into the 
spoilage processes 

Shrimp were chosen for study since staff at this laboratory are en 
gaged in research pertaining to the development of standards of grades 


for shrimp and shrimp products. A satisfactory quality index of shrimp 
would aid in the objective division of distinct grades of quality of this 
natural resource. 


* Deceased 
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Che objective of the present study, therefore, was to determine changes 
in total nitrogen, free ammoniacal nitrogen, total aerobic bacterial plate 
count, total sulfhydryl groups, and cystine in unspoiled and in spoiled 
shrimp in order to evaluate the hypothesis that a test to measure the 
disappearance of a constituent unit of fresh fish tissue would be a more 


sensitive chemical index of quality than a test to measure an increase of 
intermediate and end products during spoilage. A possible decrease in 
the content of cystine might be such an index of shrimp quality. 


PROCEDURES AND RESULTS 


Shrimp samples. The shrimp used in this study were the commercial pink variety 
Penaeus duorarum), caught near the Tortugas Islands in the Gulf of Mexico. They 
were of medium size, ranging from 28-32 shrimp per lb. The shrimp were frozen 
immediately upon landing and sent by air express to this laboratory, where they were 
stored at —15°C in moisture-proof containers. Testing was begun immediately. 

Initially, cystine and sulfhydryl analyses were conducted on samples of shrimp 
selected at random to determine the variability of this lot of shrimp. Differences 
obtained were not statistically significant (p = >0.01) for either cystine or sulfhydryl 
content. Therefore, the shrimp of this lot were considered to be of a single population. 

Samples consisting of 6 shrimp each were selected at random from frozen storage 
as needed. One sample was stored at 2° C for 18 days. A second sample was removed 
from frozen storage 18 days later and then thawed at 2° C for 6 hr. Thus, the various 
chemical analyses could be conducted simultaneously on one sample of the freshly 
thawed unspoiled shrimp and on one sample of the 18-day spoiled shrimp. The samples 
of freshly thawed, unspoiled shrimp will be termed “control” shrimp throughout the 
remainder of the paper. The shrimp stored at 2° C for 18 days were definitely spoiled, since 
they had off-odor, off-flavor, dehydration of tissues, and a sticky feel. 

All analyses were conducted during a 6-month period, so the samples of shrimp 
analyzed at the end of the study were in frozen storage 6 months longer than were 
those analyzed at the beginning of the study. The removal of samples from frozen 
storage at 114 month intervals was necessary to supply the proper samples of unspoiled 
shrimp for control. Data obtained from storage studies conducted at this laboratory 
in connection with development of standards indicate that shrimp are of good quality 
during frozen storage for 8-9 months if held in moisture-proof containers. Therefore, 
all of the frozen shrimp used as controls in the present study were considered to be 
of similar quality. 

Total nitrogen and ammoniacal nitrogen. Samples of control and of spoiled shrimp, 
after being thawed, were peeled, deveined, and macerated in a Waring blender. The 
total nitrogen content of aliquots of the macerated shrimp was determined in tripli 
cate by the Kjeldahl method; the ammoniacal nitrogen content, in triplicate by the 
official analytical method of the Norwegian Agricultural Chemical Control Centers 
as described by Moen (2]); and the moisture content, in quadruplicate 

The mean total nitrogen content on a dry weight basis was 14.1% for the control 
and was 14.5% for the spoiled samples of shrimp (Table 1). This difference was 
not significant (p >0.05). The mean free ammoniacal nitrogen content increased 
from 1.9 mg% _ for the control to 10.6 mg% for the spoiled samples (Table 1). This 
} 


lecomposition 


increase was highly significant (p <0.01), indicating some degree of « 
of nitrogen-containing compounds 

Bacterial plate counts. During the sixth month total aerobic bacterial plate 
counts were conducted to obtain quantitative data on the relative numbers of bacteria 
in the control and the spoiled shrimp. Two 20-g samples each of the control and 
spoiled shrimp were blended, under aseptic conditions, with 180 ml of buffered water 
used for dilution according to the method described by the American Public Health 
\ssociation (2). Tenfold serial dilutions were prepared from this 1-to-10 dilution 
One ml of each of the serial dilutions was plated in triplicate on Nutrient Agar- 
1.5% NaCl.” Each he plates was incubated at 30° C, and those plates containing 


» Baltimore Biological Laboratories. 
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TABLE 1 


Data on the moisture, total nitrogen and free ammoniacal nitrogen content 
of freshly thawed unspoiled and spoiled’ shrimp 


Dry matter Total nitrogen ® 


10.4 
11.0 
10.9 
10.6 


10.2 


10.6 + 0.1 


from 
‘ alyzed 
s, sample 
nt of dry matt 
ns of qua h sample for determi: 
} tal nitrogen and fr 


between 30 and 300 colonies were counted after 48 hr with the 
Colony Counter 


The bacterial population increased from a mean of 0.913 million per g in th 
samples of control shrimp to 443 million per g in the samples of spoiled shrimp, a1 
increase of almost 500 times. 

Sulfhydryl and cystine. 
and the spoiled samples were hydrolyzed by refluxing with 20% 
for 16 hr at 120° to 125°C. After hydrolysis, the 
resin-distilled water and decolorized with activated charcoal. The hydrolysates were 
filtered and washed with warm 0.1 N hydrochloric acid. The pH of the filtrates and 
washings was adjusted to 1.0 with sodium hydroxide. 
then were diluted to 50 ml with 0.1 N hydrochloric acid 


Aliquots of approximately 5 g each of both the control 


hydrochloric acid 
aliquots were diluted in half witl 


These filtrates and washings 


Sulfhydryl. Two 10 ml aliquots of each of the hydrolysates were analyzed each 
in quadruplicate, for total sulfhydryl content 
procedure of Okuda (22, 23). In this procedure, cystine is reduced and is measured as 
cysteine along with other compounds containing a free sulfhydryl group such as 
mercaptans and glutathione. The method is not highly 


according to the iodometric titration 


specific for sulfhydryls in 
that other compounds of strong reducing capacity, such as 
acid, also are measured. The results are reported as grams of total sulfhydryl per 
hundred grams of total solids (percent) and per hundred grams of nitrogen content 
of total solids (percent). A known cystine solution 


reductone and ascorbic 


was used as a reference standard. 


The mean total sulfhydryl contents « 
were 0.70% and 0.90% calculated on 


samples of control and of spoiled shrimp 
a dry-weight basis and 4.96% and 6.22% calcu 
lated on a total nitrogen basis, respectively (Table 2). 


This increase in total sulfhydryl 
content of the 


spoiled shrimp is statistically significant (p <0.01 ) 


Cystine. Four 1-ml aliquots of hydrolysates of the control shrimp and four of 
the spoiled shrimp were used to determine the cystine content acc 


ording to the method 
of Sullivan as described by Hess (16 


with one modification. This modification con 
sisted of adding each reagent required in the procedure to the individual aliquots at 
accurately controlled intervals of ti In 


I ime this method 1,2-naphthoquinone 4-sodiun 
sulfonate is employed to develop color in an alkaline reducing medium. The test is 


as reduced cystine known solution 


highly specific for the determination of cysteine 


of cystine was utilized as a reference standard. Results are reportec 
cystine per hundred grams of total solids (percent) and per hundred grams of the 
nitrogen content of total solids (percent). Any I 


in the shrimp tissue necessarily would be oxidized to cystine or reported as cystine 


1 as 
] 
( 


as lescribed 


1 as grams I 


possible tree cysteine that might exist 


gl 


by using these experimental procedures of hydrolyses and testing 
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The mean cystine content of samples of the control and of the spoiled shrimp was 


0.63% and 0.87% calculated on dry-weight basis and was 4.47% and 6.02% calcu- 
lated on a total nitrogen basis, respectively (Table 2). This increase in total cystine 


content of the spoiled shrimp is statistically significant (p = <0.01). 


DISCUSSION 


The increased amount of sulfhydryl compounds occurring during spoilage 
has been interpreted (3, 18, 25) to indicate protein denaturation and de- 
composition. Many compounds of low molecular weight are formed from 
the breakdown of proteins containing sulfur (10), and often have been 
suggested as the source of off-odors occurring during spoilage. In no study, 
however, has the cystine or other sulfur-bearing constituents of the tissues 
been determined along with the content of sulfhydryl compounds of tissues 
undergoing spoilage. The results presented here are interpreted to indicate 
that under the conditions of this experiment, the increase in total sulfhydryl 
content of spoiled shrimp can be entirely accounted for by a concomitant 
increase in total cystine content, which increased, incidentally, oppositely 
to what was expected. 

Off-odors of the shrimp at this stage of spoilage probably are not due 
in any part to an increase of mercaptans, since there was no increase of 
sulfhydryl compounds that could not be accounted for by the increase of 
cystine. Also, there was no apparent decomposition of the protein as a 
whole, at least at this stage of spoilage. The latter concept also has been 
arrived at through a study of the bacterial populations of fishery products 
undergoing spoilage (11). 

The fact that the free ammoniacal nitrogen content of the spoiled 
shrimp was greatly increased as compared to that of the control shrimp 
indicates a breakdown of some nitrogenous compounds. The increased bac- 
terial population may have been responsible for both of these increases 
It has been reported that the contents of other amino acids, particularly 
histidine (75, 30) and tyrosine (8, 24), are increased during spoilage and 
that the increase of histidine is due to bacterial action (19, 20). It also 
has been reported that radioactive sulfur when fed to cows and goats in 
the form of inorganic sulfate is incorporated into the cystine and methio- 
nine of the protein of the milk and into the cystine and methionine of the 
protein of the bacteria of the rumen (6, 7). These results would indicate 
that bacteria can form cystine, and accordingly, may be responsible for the 
observed increase noted in this study. The increase in content of free am- 
moniacal nitrogen, in turn, might be explained by assuming an increase in 
total metabolic activity, owing to an increasing population of these bacteria 
A variation in species of bacteria may have an effect on this increase if 
other lots of shrimp were tested, however. 

Initial results from chromatographic studies conducted at this laboratory 
indicate that many of the free amino acids found in the control shrimp are 
greatly reduced in amount or not found at all in spoiled shrimp. 

In addition, it has been reported that the a-amino nitrogen content 
of shrimp (1/4) and of press juice from cod tissue (5) decreases during 


spoilage, although other workers report that the a-amino nitrogen content 
? 


of shrimp (9) and of herring (26) increases during spoilage. A measure 
of a-amino nitrogen is directly correlated with, if not an actual measure of, 
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free a-amino acids. Assuming that the a-amino nitrogen does decrease, 
then, the free amino acids could be a source of nitrogenous nutrients for 
the bacteria and, thus, protein decomposition, per se, would not be required 
to furnish the source of these nutrients. It might also follow that at a stage 
when all sources of available free nutrient compounds containing nitrogen 
needed by the bacteria are utilized, decomposition of protein might start, 
owing to other growth requirements of the bacteria. It was found that 
the decrease in a-amino nitrogen of press juice from cod tissue approxi- 
mately equaled an increase in ammoniacal nitrogen, and that this might be 
due to bacterial deamination of amino acids resulting from protein degra 
dation (5). However, it seems quite possible that the source of amino 


nitrogen utilized by the bacteria during the early stages of changes accom- 
panying storage of fish very well might be the free amino acids, and only 


later from the amino acids resulting from protein degradation 

This concept does not rule out the possibility that protein denaturation 
occurs or that other decomposition products, such as fats and sugars, give 
the subjective sensations obtained from spoilage products. Conversely, it 
might suggest that these changes may be the cause of the whole sum of 
the subjective sensations that are characteristic of this stage of spoilage 
Further spoilage, however, would result in decomposition of protein. 

These concepts are speculative, of course, for it is entirely possible that 
the quantity of cystine produced by the bacteria might be so great as to 
mask the release of cystine from protein in the tissues of the shrimp. Also, 
the amount of particular mercaptans that are needed to be detected organo- 
leptically may be so small that the increases are not measurable by the 
method employed and therefore could not be detected chemically in the 
present work. 

Conclusions. ‘hie results presented in this report indicate that a meas 
ure of decrease in content of cystine of shrimp during spoilage is not a 
suitable chemical quality index. The work, however, now raises the reverse 
possibility of using the increase in cystine content as a chemical index of 
spoilage. The value of the approach to indices proposed in the hypothesis 
remains unclarified. A test to measure the disappearance of a constituent 
unit of fresh fish tissue may be a more sensitive chemical index of quality 
than a test to measure an increase of intermediate or enc product during 
spoilage. 

SUMMARY 

Results obtained from this study verify those obtained by others, that 
there is an increase in the total sulfhydryl content of spoiled shrimp. The 
results further indicate, however, that this increase can be entirely accounted 
for by the concomitant increase obtained in the cystine content of the 
spoiled shrimp. 

Measurements of free ammoniacal nitrogen content indicate that some 
degree of decomposition of protein or of other nitrogen-containing com 
pounds has occurred during spoilage. 

Determinations of total plate counts indicate that the bacterial popula- 
tion was nearly 500-fold greater in the spoiled than in the unspoiled shrimp. 

rhese results suggest the possibility that the tissue protein of the shrimp 
may not be decomposing to produce the well-known indications of spoilage, 
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at least up to the stage that was studied here. The results suggest the 
possibility that the increased bacterial population may be responsible for 
the increase in cystine and ammoniacal nitrogen of the spoiled shrimp 
Further, the results suggest that protein denaturation; decomposition prod 
ucts, perhaps of fats and sugars; and free nitrogen-containing compounds, 
such as amino acids; may give the subjective sensations that are attributed 
to the herein-described stage of spoilage of shrimp 

Although the cystine content during spoilage was shown to increase 


rather than decrease, as originally supposed, the findings now indicate the 


possibility of utilizing this increase in cystine content as a chemical index 


to determine the extent of spoilage of fishery products. However, the 
failure here to measure a substance that decreases with spoilage does not 
necessarily invalidate the original concept and purpose of this study, that 
measuring the disappearance of constituent substances of tissues during 
spoilage may be a more sensitive chemical index of spoilage than measuring 
resultant intermediate and end products of decomposition of fish tissue 


\ suitable substance or substances still may be found 
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Flavors in food consist of a mixture of tastes and odors accompanied 
by a variety of oral sensations. Because a flavor formula usually includes 
two or more of the primary tastes (sour, sweet, salty, bitter), much interest 
has been shown in the specific action these tastes have on each other. 


Interactions among taste qualities in foods have been a subject of opinion 
and speculation with relatively little experimenial support. The early litera- 
ture on the subject of taste interrelationships in aqueous solutions of pure 
compounds is confusing since conflicting conclusions were obtained from 


similar experiments as seen in the summary below: 


Conclusion 


Year Investigator 


1892 Zuntz (25 NaCl increased sweetness of sucrose. 
1894 Kiesow (1 NaCl decreased sweetness of sucrose. 


1937 Cragg Sucrose decreased sourness of HCl. 
NaCl had no effect on sourness of HCl. 
1943 Fabian /& NaCl decreased sourness of acids. 
NaCl increased sweetness of sugars. 
HCl & acetic acids decreased sweetness of dextose. 
Acids (except HCl) increased saltiness of NaCl. 
HCI & acetic acids had no effect on sweetness of sucrose. 
Lactic, malic, citric, tartaric acids increased sweetness of 
sucrose. 
Lactic, malic, acetic, tartaric acids decreased sweetness of 
fructose. 
HC! & citric acids had no effect on sweetness of fructose. 
All sugars decreased saltiness of NaCl. 
All sugars decreased sourness of acids 


Cameron (3 Urea decreased sweetness of sucrose 
jostrom (22 1% NaCl decreased sweetness of 3-10% sucrose. 


J 
0.5% NaCl increased sweetness of 5—-7% sucrose. 
1-10% sucrose decreased sourness of 0.04-0.06% acetic 


~ 


acid. 

0.04-0.06% acetic acid had no effect on sweetness of 
1-5% sucrose. 

0.04-0.06% acetic acid decreased sweetness of 6% sucrose 
and above. 

Sucrose had no effect on the saltiness of sodium chloride. 

Sucrose significantly decreased the bitterness of caffeine. 


Several unrelated investigations have been made on more complex 
aqueous solutions. There is disagreement as to the influence of ethyl alcohol 
on apparent sweetness. In one experiment, ethyl alcohol was found to 
simultaneously decrease acuity of the sense of taste for sucrose and to 
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convert the sensation of appetite into one of satiety (73). In an investigation 
of water solutions containing various constituents of wines, ethyl alcohol 
enhanced the sweetness of sucrose, with no interrelationship between sucrose 
and acid thresholds (7). Chappell (5) reported that sodium chloride not 
only increased the sweetness of sucrose, but also enhanced the intensity 
of lemon oil flavor. Also, increasing the lemon oil content caused masking 
of the taste of salt. In solutions containing organic acids, sucrose, and syn- 


thetic raspberry flavoring, judges ascribed greater flavor to sweeter samples 


as well as greater sweetness to solutions with more flavoring (23). 

In processed foods, it is more difficult to ascertain the mechanism by 
which the primary tastes operate. In an experiment conducted by Mackey 
and Valassi (12), sucrose, tartaric acid, sodium chloride, and caffeine were 
easier to detect in liquid than in a foam or gel. Studies on apricot, peach, 
and pear nectars showed that sucrose enhanced fruit flavor up to an opti- 
mum sweetness level beyond which it masked flavor (24). This relation- 
ship between sweetness and fruit flavor has been found to be greatly 
influenced by the acidity of the product (7, 17, 18, 20, 21, 24). 

Studies on sugar-flavor relationships have not been limited to sweet 
foods. The effects of adding sucrose to canned tomato juice were to 
lessen saltiness, seed flavor, and metallic notes (4). When canned, whole 
tomatoes were acidified in order to decrease pIl to a safer level, it was 
found necessary to add sucrose to compensate for the sourness and to 
blend the tomato flavor (11). The effect of adding sucrose during the 
cooking of cream style corn was a desirable augmentation of sweetness and 
a reduction of sourness and bitterness. Conversely, when salt was increased 
in cream style corn, sweetness was decreased (4). In processed (16) and 
genuine (19) dill pickles, sub-threshold levels of sucrose improved accept- 
ability by counteracting over-acidity and by enhancing the spicing flavors. 

In the present investigation, the taste interactions of sucrose, citric 
acid, sodium chloride, and caffeine at sub-threshold, threshold, and supra- 
threshold levels, are described. In addition to studying these interrelation- 
ships in aqueous solutions, similar experimentation was carried out with 
more complex mixtures of fruit nectars and tomato juice. 


EXPERIMENTAL METHODS 


Five male and 5 female college students between 19 and 25 years of age were 
employed on a laboratory taste panel which met from 4:30 to 5:30 p.m. Monday through 
Thursday. Good health, age, interest, and dependability were the only criterion used 
in selection of judges. 

All tests were designed so that 5 judges could serve the other 5 tasters who were 
seated in individual, partitioned booths equipped with constant lighting, temperature, 
and humidity. Upon completion of a taste set (6-8 min), judges would alternate sides, 
thereby reducing fatigue and monotony. Tasters and servers were under constant 
supervision to assure uniformity of conditions. 


Aqueous solutions 


To determine the effect of training, the judges evaluated the test sets on their first 
meeting date. The subsequent 7 meetings were utilized to acquaint the students with the 
methodology of tasting and to train them to recognize small concentrations of sucrose, 
caffeine, citric acid, and sodium chloride (reagent grades) in solutions of distilled water. 

After the training period, 6 weeks were spent determining individual taste thresholds 
for the 4 compounds mentioned above (15). The taste identification thresholds (minimum 
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concentration at which taste could be correctly identified for 2 successive presentations ) 
were then used as a guide for preparation of the solutions for the final taste 
interrelationship study. 

The experiment was designed to determine the influence of: 


1. Citric acid, sodium chloride, and caffeine on the sweetness of sucrose. 
2 Sucrose, sodium chloride, and caffeine on the sourness of citric acid 
3. Sucrose, citric acid, and caffeine on the saltiness of sodium chloride. 


4. Sucrose, citric acid, and sodium chloride on the bitterness of caffeine. 


The methodology employed was a modification of the procedure described by Fabian 
and Blum (8). A test series consisted of 6 samples containing supra-threshold levels 
of one compound, designated as the “Primary Series.” To each of these 6 solutions, 
a sub-threshold amount of another compound, designated as the “Secondary Compound,” 
was added. The “Standard” consisted of an intermediate level of the primary compound, 
only. The concentrations within series always varied above and below that of the solu- 
tion to be matched. There was a sufficient difference in concentration between adjacent 
solutions within series so that the judges could easily detect the increase in taste. 
Judges received 100 ml of the marked standard solution and 50 ml of each of the 6 
samples in the series. Each series was presented in random order and the judges had 
no information as to the identity of the secondary compound. 


A sample score card follows: 


SET 


NAME DATE 


The beaker marked ‘’S”’ contains sucrose. Taste each of the 6 coded solutions, then 


circle the number of the sample which has the same sweetness as ‘’S 


CODE 
BEAKER 


If the match were made at a lower concentration than the standard, the secondary 
taste was considered to enhance the effect of the primary taste. If the match were 
made at a higher concentration than the standard, the secondary taste was considered 
to reduce the intensity of the primary taste. This latter phenomenon is referred to 
by Fabian and Blum (8) as “compensation.” 

Freshly distilled water was used in the preparation of the test solutions. Fountains 
in the tasting booths provided for expectoration and only freshly distilled water was 
allowed for oral rinsing at the taster’s discretion. All fluids were freshly prepared 
and maintained at room temperature in coded, glass-stoppered bottles. 

Taste interrelationships of all compounds except caffeine (eliminated when judges com- 
plained of the fatigue and discomfort of tasting this bitter compound) were determined 
by 4 groups of panels 

1. Untrained laboratory panel (24 volunteers with little or no panel experience). 
2. Untrained students (10 paid tasters; first session). 
3. Trained students (same as No. 2, after 8 weeks’ experience). 


4. Trained students (same as No. 3, after 1 month). 


Category No. 3 above was included to test the effect of general taste experience, 
whereas category No. 4 was included to test the effect of specific experience with the 
matching-type methodology. Degree of enhancement or depression was determined by 
calculation of the standard deviation and the least significant difference between average 
values. 
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Fruit nectars 


The same student panel was utilized to determine the effect of sucrose and acid 
variations in canned apricot and pear nectars on accuracy of matching a standard within 
a randomized series. The nectars used consisted of 55% fruit and 45% water by 
weight with no added syrup. Pear nectars of 2 natural acidity levels were used (0.130% 
and 0.158% acid calculated as citric acid anhydride). The apricot nectar contained a 
natural total acidity of 0.590%. 

Sucrose at levels of 4, 6, 8 and 10% by weight was added to the apricot nectar. 
Six percent sucrose was added to the pear nectar to make it more palatable. These 
sweetened mixtures were then used as bases to which were added varying levels of 
citric acid, sodium chloride and additional sucrose. The same methodology of tasting 
as described for the aqueous solutions was used, wherein the judges were required 
to match the sample within a randomly presented series with a designated standard. 


Tomato juice 

The effect of the addition of different combinations of sucrose, sodium chloride, 
citric acid and caffeine on the acceptability of canned tomato juice with a natural total 
acidity of 0.370% was determined also. Five coded samples, including a hidden 
control, were evaluated per session using the following score card: 


SET 


i$. — ' — I sicccrcssiiasceitia 


BEAKER | ~ | MORE ACCEPTABLE "LESS ACCEPTABLE 





NUMBER | SAME| SLIGHT | MODERATE | LARGE | EXTREME || SLIGHT | MODERATE | LARGE | EXTREME 
: at Meieenosinae faze wine 


a ———————E ee 


a 


rl | 
| 1 
| 


Judges were required to indicate whether the treated samples were the same, more, 
or less acceptable than the marked untreated control. Also, degree of deviation in 
acceptability from the control was recorded. 


RESULTS AND DISCUSSION 
Aqueous solutions 


Tables 1 through 5 summarize the results obtained from panel evaluation 
of combinations of primary tastes in distilled water solutions. 

Table 1. In general, the effect of adding sub-threshold levels of the 
secondary compound was depression of the intensity of the standard solu- 
tions, i.e., sucrose decreased the sourness of acid; acid decreased the sweet- 
ness of sucrose; sucrose decreased the saltiness of sodium chloride, etc 
Responses of the untrained laboratory panel differed from those of the 
untrained student panel only for Set IV. The untrained students indicated 
that sodium chloride had an enhancing effect on the sweetness of sucrose. 
After training, the student panel indicated that acid depressed the sweetness 
of sucrose to an even greater degree. Further training (final column) 
showed no changes of opinion, despite the fact that the judges increased in 
taste sensitivity and thereby were measuring the effect of threshold levels 
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of the secondary compound on the intensity of the standard. For indi- 

vidual thresholds for the 4 primary tastes, the reader is referred to a 

previous publictaion (15). 
The effect of varying: 

pound, (b) the concentration of the standard, and (c) the increments in 


the matching series are summarized in Tables 2 through 5. 


(a) the concentration of the secondary com 


TABLE 2 


Effect of citric acid, sodium chloride and caffeine on sweetness of sucrose 


Sucrose series No einai 
va . 


Second Surv 
y 1 
i s¢ re 


ary com P 


stand 
pound , 


Acid 

0.10 5. 3.0 
0.02 1.8 
0.01 1.0 
0.01 1.0 
NaCl 

2.0 5 3.0 
0.8 i . 1.8 ; 3 3.6 
0.5 1001, > 29 
0.5 ; 1.0 F 28 


90 


Caffeine | 
0.10 4+ | a @ 
0.08 0 0.4 1 

] 


0.08 iS 0.5 


Za «(Ss ' 
2 i 2 3. N.S 
? 


A 
2 Sal ‘. oe 12 


8 


1 Average of the numerical values assigned to the sucrose series: Underlined values indicate the 
solution in each respective set that matches the sucrose standard. 

* Values greater than the correct sucrose series number indicate the secondary 
depressing effect on the intensity of the standard; values less than the correct series number indicate 
the secondary compound has an enhancing effect on the intensity of the standard 

’ Least significant difference between average scores within each set at the 5% 

4 Subtract 1.0 from this figure when applying the L.S.D. value. 


compound has a 


level of prubability 


Table 2. Citric acid at threshold level (0.00147), had a definite depress 
ing effect on the sweetness of sucrose whereas sub-threshold levels (0.0002 
and 0.0001M) had only a slight depressing influence. Sodium chloride 
did not seem to interfere with the sweetness of sucrose except for a 
depressing effect in 2 cases. Caffeine, at both threshold (0.0011) and 
sub-threshold levels (0.000817) had a great depressing effect on the sweet 
It should be pointed out that the panel showed great 


ness of sucrose. 
It was 


dislike for threshold and supra-threshold quantities of caffeine 
not determined, however, to what extent this dislike may have affected 
performance. 

Table 3. All levels of citric acid were depressed in sourness upon the 
addition of threshold or sub-threshold levels of sucrose, sodium chloride, 
and caffeine. In general, sucrose had the greatest 
S.D. values for Set I suggest that 


reducing effect and 


sodium chloride had the least. The L. 
concentration and placement of the correct match within a series influenced 


the response. 





TASTE INTERRELATIONSHIPS 


TABLE 3 


Effect of sucrose, sodium chloride, and caffeine on sourness of citric acid 


Average 


Sucrost 
1.0 0.30 0.10 0.20 3 0.40 0.50 
1.5 0.10 0.02 0.06 0.14 0.18 
1.0 0.09 0.01 0.05 0.09 3 @i7 


0.13 0.01 0.05 0.09 1 0.17 


30 0.10 0.20 0.30 0.50 
0.10 0.02 0.06 0.10 14 0.18 
0.09 0.01 0.05 0.09 0.17 


0.13 0.01 0.05 0.09 0.17 


II] Caffeine 
0.08 0.18 0.02 0.10 0.18 a 0.34 


0.08 0.11 0.01 0.06 0.11 0.21 ’ 15 
0.10 0.10 0.02 0.06 0.10 0.14 0.18 22 14 


1 Average of the numerical values assigned to the citric acid series: Underlined valu t i the 
solution in each respective set that matches the acid standard 


has a 


2 Values greater than the correct citric acid series number indicate the sex y compound 
depressing effect on the intensity of the standard; values less than the corre erie imber indicate 
the secondary compound has an enhancing effect on the intensity of the standard 

% Least significant difference between average scor within each set I t vel of probability 


* Subtract 1.0 from this figure when applying t S.D. value 


TABLE 4 


Effect of sucrose, citric acid, and caffeine on saltiness of sodium chloride 


Average 
value 


Sucrose 
1.0 
1.5 
1.0 
1.0 

0.1 


0.02 


' Average of the numerical values assigned t odium it nderlir al idicate 
the solution in each respective set that matches the l 
| 


2 Values greater than t correct sodium chlori series number indicate the secondary compound 


1 
has a depressing effect on the intensity of the standard; values less than the correct series number 


indicate the secondary compound has an enhancing effect on the intensity of the standard. No significant 
differences between average values within sets were observed ° 
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TABLE 5 
Effect of sucrose, sodium chloride, and citric acid on bitterness of caffeine 


~ . Caffeine series - 
Secondary Caffeine = al Average 


compound standard , : \ Ni value? ? 


Set 


molarity x 10 
Sucrose 
1.0 0.13 0.01 0.07 013 0.19 0.25 


1.0 0.18 0.02 0.10 0.18 0.26 0.34 
LS 0.10 0.02 0.06 0.14 0.18 


NaC 
0.7 0.13 0.01 0.07 0.19 
0.18 0.02 0.10 0.18 0.26 
0.8 0.10 0.02 0.06 0.10 0.14 0.18 


Acid 
0.01 0.13 0.01 0.07 0.13 0.19 0.25 0.31 
0.01 0.18 0.02 0.10 0.18 0.26 0.34 0.42 3.3 


} 0.02 0.10 0.02 0.06 0.10 0.14 0.18 0.22 3.3 


1 Average of the numerical values assigned to the caffeine series: Underlined values indicate the 
solution in each respective set that matches the standard. 

2 Values greater than the correct caffeine series number indicate the secondary compound has a 
depressing effect on the intensity of the standard; values less than the correct series number indicate 
the secondary compound has an enhancing effect on the intensity of the standard. No significant dif 
ferences between average values within sets were observed 


Table 4. Sucrose, citric acid, and caffeine reduced the saltiness of sodium 
chloride to approximately an equal extent. Neither concentration nor place 
ment of the ‘correct match significantly affected the average values obtained 

Table 5. Without exception, the bitterness of caffeine was reduced by 
sucrose, sodium chloride, and citric acid. Increasing the concentration ot 
the sucrose standard further depressed the bitterness of the caffeine solu 
tions, but not to a significant degree. 

These results agree with Cameron’s statement, “The stimulus of a 
sweet solution to ‘sweet’ taste-buds may be depressed by a concomitant 
non-sweet stimulus to the same taste-buds, so that a lesser intensity of 


stimulus is registered’’ (3). This theory could be extended to include ; 


TABLE 6 
Interrelationship of citric acid, sucrose and sodium chloride in apricot nectar 


Matching series? Aver 


Citric acid 
0.090% 03 000 90 120 


Sucrose 
3.6% 


[i] NaCl 
| 0.207% 0 067 140 .207 3.274 341 41 48 4.3 


1 Series consist of increasing amounts of standard compound. Correct value underlined. 


® Average series number (Ten replications). 
® Amount added to all samples within respective series prior to addition of other compound 
4 Least significant differen between average scores within each set at the 5% level of probability 
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the primary tastes, as the present data indicate. However, more informa- 


tion regardnig the effect of concentration of the compounds on taste response 


is needed. 


Fruit nectar 

lable 6 shows the extent to which varying amounts of sucrose (4, 6, 
8, 10%) in apricot nectar influenced the judges’ ability to match the 
standard within each respective series. In most cases, the lower the sucrose 
level, the greater ease the panel had in matching the correct citric acid 
This indicates, once again, that sucrose depresses the 


standard (Set I). 
sourness of acid. Set II shows that varying the sucrose content affected the 
judges’ ability to match the standard to the correct sample within the 
series. The presence of sucrose in Set III had little effect on matching of 


the salt standard except for the high value of 4.8 in the case of 6% sucrose 

In Table 7, the influence of citric acid, sucrose, and sodium chloride 
on accuracy of matching the standard within each series of pear nectar is 
summarized. When a pear nectar of low natural acidity (PN-1) was used 
as the base solution, there was a tendency for the panel to match the citric 
acid, sucrose, and sodium chloride standards slightly below the correct con 


TABLE 7 
Interrelationship of citric acid, sucrose and sodium chloride in pear nectar 
Matching series! Average values? 
Standard 


percentage 
Citric acid 
0.090% .090 135 .180 
0.135 090 = 135 180 
0.075 075 111 147 
0.111 075 111 147 
0.061 mm 061 090 119 
0.090 29 061 090 119 


Sucrose 


4.0% 


NaCl 

0.222% 111 222 
0.333 111 222 33. 5: 
0.188 085 188 27: x 44: 
0.273 085 188 2h ode 44: 
0.140 067 140 .207 a 341 36 
0.207 0 067 140 207 7 341 4.0° 


Correct value underlined 


2 
5 


Series consist of increasing amounts of standard compound 
2 Average series number (Ten replications) 
‘Pear nectar with low natural acidity (0.1309). No significant differences between average values 
¢ Pear nectar with high natural acidity (0.158%). 

5 Least significant difference between average scores within each set at the 5% leve 
6 Subtract 1.0 from this figure when applying the L.S.D. value 


1 of probability 
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centration within each respective series. However, when pear nectar of 
higher natural acidity (I?N-2) was used as the base solution, the panel 
tended to match the standard to a concentration slightly above the correct 
level within the respective series. This suggests that the greater the acidity 
the greater the depressing effect on the intensity of the added compound. 
l eries was tested, 


The etfect of position of the correct match with 


i.e., IN one group the correct match was series number 3 whereas in the 
following group, using the same increments, the correct match was series 
number 4. The results showed that the placement of the matching sample 
in the series had no significant effect on the judges’ selection except for 
Set III. In general, judges matched the standard 


Series 5 and 6 within : 
with samples of slightly higher concentration within the various series 


indicating a slight depressing effect of the secondary compound 


Tomato juice 

\dditions of threshold and supra-threshold levels of sucrose, citric acid, 
sodium chloride, and caffeine decreased the acceptability of canned tomato 
juice. Although 80 various combinations of the 4 compounds were tasted, 
only the following 6 combinations were considered to improve the accept 


ability of the juice 


‘ompound 


Sucrose 0 

Sodium Chloride 0.50 

Citric Acid 0.05 

Caffeine 0 0 


In combinations 1 and 2 the salt-acid ratio is approximately 10. I 
combinations 3 and 4 the sucrose-acid ratios are 1.50 and 1.66, respectively 
Combination 5 shows the proportions of sucrose, sodium chloride, and citric 
acid considered to improve tomato juice flavor. Caffeine alone did not im 
prove acceptability, however in the amount shown in combination 6, the 
juice was considered superior to the untreated control. Apparently, thi 
level of caffeine (0.01‘%) was sub-threshold or was minimized by thx 
other compounds 
SUMMARY 

Phe taste interrelationships of sub-threshold, threshold, and supra-thresh 
old concentrations of sucrose, citric acid, sodium chloride, and caffeine 
in aqueous solutions were determined by 10 highly trained tasters. In 
general, all compounds were found to depress the intensity of each other 
The most pronounced effect was the reduction of the sweetness of sucrose 
yy citric acid and the reduction of the sourness of citric acid by sucrose. 
Increasing the sugar or acid content of apricot and pear nectars decreased 


a randomized series. In tomato juice, any of the compounds alone decreased 


he accuracy with which the judges could match the taste of a standard with 


acceptability ; however, the proper proportion of all 4 compounds resulted 


in a juice superior in acceptability to an untreated control 
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APPLICATION OF THE PAIRED COMPARISON METHOD 
TO THE STUDY OF FLAVOR DIFFERENCES 
IN COOKED VEGETABLES# 


JOAN GORDON anv ISABEL NOBLE 
] 


School of Home Economics, University of Minnesota, St. Paul, Minnesota 


(Manuscript received April 27, 1959) 


lhe choice of procedures for evaluating flavor requires a decision as 
to the purpose of the experiment: whether (1) consumer preferences o1 


(2) differences in a specific flavor attribute are to be determined. For 
the first purpose, the opinion of a wide sampling of consumers is ultimately 
required; for the second, trained laboratory panels can give a measure of 
differences in a flavor attribute without necessarily stating a preference. 

The present study is of the second type; the paired comparison method 
of Bradley and Terry (2, 6) was used to determine which methods of cook- 
ing developed strong flavors in vegetables of the cabbage family. In addi- 
tion, it was used to investigate certain aspects of panel performance: namely, 
the homogeneity of evaluations of flavor differences, the sensitivity of the 
panel to the flavor attribute under study, and the trends during replication 
which might be indicative of changes in performance within a given series. 


METHOD 


Preparation of vegetables. Cabbage, cauliflower, and broccoli were obtained throug] 
regular market channels. Sampling was done in such a way as to insure as uniform 
portions as possible while maintaining a preparation typical of the particular vegetabk 
Cabbage was shredded; cauliflower was separated into flowerets; and broccoli was cut 
into 5 in lengths. Enough vegetable was cooked in each case to yield 4 one-half cup 


servings as defined by Halliday and Noble (5). If more getable was required fo 
judging, duplicate or triplicate cookings were prepared and combined after cooking 

Cooking methods. The cooking methods used were those described by Halliday and 
Noble (5) for cooking in boiling water, in a pressure saucepan, in a steamer, and in a 
tightly covered saucepan using the minimum amount of water to prevent scorching. Cook 
ing times were such as to yield equal tenderness in samples cooked by different methods 

Training of judges. Cabbage cooked in boiling water until tender, in a “waterless” 
saucepan in 72 ml of water for 50 min, and 1:1 mixtures of these was used in training 
sessions. At the first session, samples from both methods of cooking were presented 
to the judges. The flavors were discussed and described as mild in cabbage cooked in 
boiling water and strong and hay-like in overcooked cabbage At following training 
sessions, samples cooked by the 2 methods and also 1:1 mixtures of them were presented 
to the judges in pairs as will be described subsequently. At the conclusion of eacl 
judging, the flavors were again discussed and those judges who made errors in ordering 
samples retasted the samples. 

Studies with cabbage mixtures. Mixtures of cabbage cooked in boiling water and 
in the “waterless” saucepan in proportions up to 16 parts by weight of the former 
to 1 part of the latter were used in preliminary studies to determine the sensitivity of 
the panel to the specific flavor, the homogeneity of panel performance, and the homo- 
geneity of replications. Samples were presented to the judges in pairs as described 
in the following section. 

Judging of samples for flavor differences. Six college students served as judges. 
Judging was done in semi-isolated booths in a room separated from the preparation 
area. Red lighting was used to eliminate color differences. 


* Scientific Journal Series Paper No. 4104, Minnesota Agricultural Experiment Station 
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Each judge was given a set of paired samples and asked to indicate on a score card 
which sample in each pair had the stronger flavor. 


Each set consisted of a sample from 
each method of ¢ 


king or from each mixture paired with one from every other method 
of cooking or mixture. Thus, in the studies of 4 methods of cooking, each set consisted 
of 6 pairs of samples. In studies of cabbage mixtures, in which samples from 2 different 
mixtures were compared with samples cooked in boiling water, each set 


consisted of 
3 pairs of samples. 


The order of presentation of the pairs and of samples within pairs 
was randomized for each judge. The judges were required to taste the samples in the 
order in which they were presented and, when necessary, to retaste in the 
In addition, they were required to make a decision 
the next pair. At the conclusion of each 


original ord 
about a given pair before tasting 
judging, the judges were told whether their 
oices agreed with those expected on the basis of the specific hypothesis being teste 
At least four separate replicate judgings were made for each vegetable. 
Analysis of judging results. The choices of judges were translated into scores of 
1 for the sample with the stronger flavor and 2 for the other member of the pair. Thess 
scores were analyzed by methods suggested by Terry, Bradley, and Davis m 
instances, the number of replications exceeded those tabulated by Bradley and Terry (2 
so that estimates of p; and B, were calculated directly from the appropriate equations 
The test of agreement proposed by Bradley and Terry was used to determine whetl 
the performances of the judges were homogeneous. This test is based on the difference 
between the pooled likelihood ratio statistic (B:) and the combined likelihood 
statistic (B.i°). In the former statistic, the 


ratio 
scores of individual judges are pooled 
thus, each judge serves as a replication of the basic design. In the 

identity of each judge with his scores is maintained 
test also served as the basis for the 


latter statistic, the 
throughout the calculation. The 
choice of the method to be used in testing tl 
significance of treatment differences; i.e., whether tests of treatment differences should 
be based on pooled or combined results. The former method is possible 
homogeneous; the latter, if it is non-homogeneous. 


( 
if the panel 1s 


The test of agreement was also used to determine whether replications of a given 
series of cabbage mixtures showed consistent results. For this purpose, the data were 
grouped by replications instead of judges as was the case in the use of the test i 
studying the homogeneity of the panel. 
was tested by th 
has suggested that in  sucl 
comparisons the test procedures reduce to binomial or sign test procedures 
tests of significance were used since it was dseired to test 
method resulted in a milder flavor than another method or 


The significance of individual comparisons among treatments 
sign test of Dixon and Massey (3), since Bradley (1) 
One-sided 
whether a given cooking 
group of methods. 


RESULTS AND DISCUSSION 


Studies with cabbage mixtures. Judges’ scores and certain statistics 


calculated from them for mixtures of cabbage cooked in boiling water until 
tender and overcooked in a “waterless” 


saucepan are given in Table 1 

None of the values of X*° calculated for the test 
judges exceeded that for the 5% level of 
concluded that this panel was 


of agreement among 
significance. Therefore, it was 
functioning as a homogeneous unit and that 
tests of treatment differences could be based on the pooled likelihood ratio 
statistic (B,). 

The advantage of a homogeneous panel is demonstrated particularly 
well in the fourth series. The value of Xo” associated with the test of 
treatment differences based on the pooled likelihood ratio statistic, By, 
equalled 14.15 (Table 1) and falls between the 0.1% and 0.05% levels of 
significance. The value of Xj." associated with the test based on the com 
bined likelihood ratio statistic, B,°, equalled 25.97 and falls, therefore, 
between the 1% and 5% levels of significance. 

The values of X»* associated with the test of treatment differences based 
on pooled data in the other series of cabbage mixtures also exceeded that 
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TABLE 2 
Judges’ scores for vegetables cooked by different methods 


Met 


Boiling water 
Pressure saucepal 
oteamer 


Tightly covers 


Boiling water 
Pressure sau 
steamer 


Tightly cove 
Tightly 


ssure saucepan 
ame! 


el P 
yhtiy covered 


© level of significance. Thus, the panel was able to detect sig- 
ant differences among flavors of the samples included in each series 
the first 3 series, the sample containing the smaller amount of over- 
cooked cabbage was selected as having a milder flavor than either of the 
other two samples a significant number of times. For example, in the first 
series, samples cooked in boiling water were judged milder than the 2:1 
mixture 34 times in 36 replications and the latter was judged milder than 
the 1:1 mixture 23 times in 36 replications. In the fourth series, the boiling 
water samples were judged milder than the 8:1 mixture in 19 out of 24 
replications, a sufficient number to indicate that the former was signifi- 
cantly milder than the latter. However, both in the comparison of boiling 
water samples with the 16:1 mixture and the comparison of 16:1 and 8:1 


mixtures, the sample containing the smaller amount of overcooked cabbage, 
that is, boiling water samples in the first instance and 16:1 in the second, 
was selected as the milder flavored sample in only 16 out of 24 replications, 


a number insufficient to establish significant differences in the intensity of 


~ 


the flavor. Consequently, it was concluded that, for the judging panel being 
used, the 16:1 mixture represented the level of intensity of the strong 
hay-like flavor which could not be distinguished from the mild flavor of 
cabbage cooked in boiling water. 

' 


The values of X* associated with the st f agreement calculated for 


the data grouped by replications in the first two series, 21.23 and 15.69, 
exceeded the levels of significance for the 5% level, 18.3 and 12.6 for 6 and 


4 trials respectively. Those for the last two series, 5.99 and 8.10, did not 


exceed that for the 5% level of significance for 4 trials. Thus, replicate 

variability appeared to be present in the first two but not the last two series 
However, in no replication in either of the first two series were the values 

of B, large enough to indicate, on the basis of the probabilities associated 

ferences 
» ) 


vith them, that the judges were failing to recognize treatment d 
| 


For example, the variability in the second series resulted from 3, 2, 2, 


1 


incorrect judgments, respectively, in each of the four set 
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Flavor differences in vegetables cooked by different methods. Judges’ 
scores and certain statistics calculated from them for vegetables cooked in 
boiling water and by steaming methods are shown in Table 2. The values 
of X* associated with the test of treatment differences show that signifi- 
cant differences were present among the cooking methods. However, as 
pointed out in studies with cabbage mixtures, this test by itself does not 
define which of the cooking methods were responsible for these differences. 

Individual comparisons of cooking methods followed the pattern of 
orthogonal comparisons used in the analysis of percentage retentions of 
ascorbic acid in vegetables cooked by the same methods (4). The flavor 
of vegetables cooked in boiling water was compared with that of samples 
cooked by the three steaming methods. Within the steaming methods, 
the flavor of samples cooked in the pressure saucepan was compared with 
that of samples cooked in the steamer and tightly covered saucepan to 
determine whether the high temperature and consequently short cooking 
times of the pressure saucepan resulted in a milder flavor than did the 
conditions of the other steaming methods. Finally, the flavor of samples 
cooked in the steamer was compared with that of samples cooked in the 
tightly covered saucepan. 

Vegetables cooked in boiling water were judged milder in flavor than 
those cooked by steaming methods in 71 out of 72 judgments for cabbage, 
59 out of 63 judgments for cauliflower, and 61 out of 66 judgments for 
broccoli. It is apparent without statistical treatment of these data that the 
vegetables were milder in flavor when cooked in boiling water than when 
cooked by steaming methods. 

Vegetables cooked in the pressure saucepan were judged milder than 
those cooked in the steamer and tightly covered saucepan in 28 out of 48 
judgments for cabbage, 24 out of 42 for cauliflower, and 30 out of 44 for 
broccoli. Application of the sign test to these data showed that only in 
broccoli was the number of selections sufficiently large to indicate that 
pressure cooked broccoli was significantly milder in flavor than samples 
cooked in the steamer and tightly covered saucepan. 

Vegetables cooked in the steamer were judged milder than those cooked 
in the tightly covered saucepan in 12 out of 24 judgments for cabbage, 
16 out of 21 judgments for cauliflower, and 15 out of 22 for broccoli. In 
cauliflower, but not in cabbage and broccoli, the number of selections was 
sufficient to conclude, on the basis of the sign test, that samples cooked in 
the steamer were milder in flavor than those cooked in the tightly covered 
saucepan. 

SUMMARY 


Flavor differences in vegetables cooked in boiling water and by steaming 
methods have been studied by the use of a paired comparison method. 
Preliminary studies with cabbage established that the members of the 


panel were homogeneous in their judgments of flavor differences and that 
f cabbage cooked in boiling water and one 


mixtures containing 16 parts o 
part of cabbage overcooked in a “‘waterless”” saucepan represented the level 
of intensity of the strong, hay-like flavor produced by latter method which 
could not be differentiated by the panel from the mild flavor produced by 


the former method. 
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Cabbage, cauliflower, and broccoli were found to be milder in flavor 
when cooked in boiling water than when cooked in steam. They tended 
to be quite similar in flavor when cooked by the various steaming methods. 


for example, only broccoli cooked in the pressure saucepan was milder 


than that cooked in the steamer and tightly covered saucepan 
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CORRELATION OF TASTE PANEL GRADINGS WITH SALI 
EXTRACTABLE PROTEIN OF FROZEN FISH FILLETS 


M. N. MOORJANIT,* W MERY, ano G. G. COOTI 


ry ‘ W 
lor si v wD 


Frozen fish deteriorate in quality after 
partly due to changes in texture whicl 
described as a “raggy”’ or “tough” feel t | 
the first investigators to use taste panel grading follow changes 
e, adopted a rating system for comparing 
it and 


Che existence of a relations| Ip between 


of fish flesh during frozen stora: 


frozen material with freshly caug] 


the muscle proteins was first sugg 


yroteins became less easily extractable by dilute salt solutions when the 


| 
I 


1ad been held in the frozen state for some time. Dyer, French and Snow (4) 
showed that this change, which hi been con idered to be an 
denaturation, was confined to the ‘uctural muscle fiber actomyosin, tl 


1 


protein mainly responsible for the texture of fish muscle 

The relationship between the amount of actomyosin extractable by 
solutions and texture values as measured by taste panels has been studied | 
several workers, v2, Dye r s F ver and Morton 5): Dyer, Morton lrase r 
and Bligh (5); and Love (6) 

(heir variable results show a real need for obtaining and analysing more 
data before the value of the amount of extractable protein, as an index of tex 
ture of the flesh of frozen fish, can be assessed. The experimental 
described in this paper was designed with the object of obtaining sucl 
capable of being analysed statistically. The data relate to the ability of a 
taste panel to detect texture differences in fish held in frozen storage, to 


the amount of extractable actomvosin, and the correlation between them 


EXPERIMENTAL METHODS 


The fish used in this investigation was morwong (Nemadact 
common commercial species. They were from the same catch and of good q j 
were 3 treatments of frozen storage, viz, packed in small cans sealed under a vacuum 
22 in Hg and held at —18° C (vacuum), din M.S.A.T. cellophane bags and 
18° C and —10° C separately. 
To eliminate between-fisl m from experimental error, 
applied to fillets (halves of fish a balanced incomplete block 
storage times, 1. » £ 5 " é f¢ ach storage tin 
times were ro ( as. 5. 2 a and 6 montl 
] 


The fish were washed and dressed before being halved longitudinally to give 


All necessary randomizations (fish to storage times and blocks within storage times, and 
treatments to fillets) were made. The fillets put into cans were rolled tightly in cylindrical 
form to minimize the free space. Fillets were treated as individual units in packing. The 
materials were shelf frozen at —18° C in still air overnight and placed under their respe 
tive storage conditions the following morning 

* Present address: Central Food Technological Research Institute, Mysore, India 

® Division of Mathematical Statistics, C.S.I.R.O 
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On removal from storage the fillets were used for the determination of salt-extractable 
protein and for sensory difference tests for texture. In the case of initial storage time, 
tests were made within 12 hr of freezing. 

At each removal time all material for that period was taken from storage and held 
at 0° C. The skin was stripped from the frozen fillets; a central longitudinal strip suffi- 
cient for nitrogen determinations was removed and the remaining material cut trans- 
versely into portions suitable for presentation to tasters. Corresponding transverse por- 
tions from the fillets (i.e., treatments) of the same fish were grouped and coded for 
presentation to individual tasters. 

After partial thawing at 0° C for 2 hr, the central strip of each fillet was thawed at 
room temperature for 30-40 min. A 20-30 g sample of each central strip was extracted 
with 900 ml of chilled neutral 5% solution of sodium chloride, using a Waring blender 
and baffle plate as described by Dyer, French and Snow (4). The salt-extracted nitrogen 
consisted of the freeze-labile actomyosin, the stable albumen and non-protein nitrogen 
fractions. This nitrogen was determined from an aliquot of the extract by a microkjeldahl 
method using the modificat:.n of McKenzie and Wallace (7). The non-protein nitrogen 
of the extract was determined on a further aliquot after precipitation of the protein by a 
5% trichloroacetic acid solution. Total nitrogen for the central strip of each fillet was 
measured by the Kjeldahl-Wilfarth-Gunning method of the A.O.A.C. (1) on a portion of 
the mixed sample using at least 2 g for digestion. Salt-extractable protein nitrogen was 
expressed as a percentage of total protein nitrogen. 

Samples cut and coded at 0° C as described, were placed in flowing steam while 
frozen and cooked for 15 min. They were placed in glass dishes kept warm up to the 
time of tasting and served to the 12 members of an analytical panel chosen from experi 
enced fish tasters. The tests were paired comparisons where judgment was made on 
texture, preference going to the less tough. All fillets from one removal time were 

{ 


judged in one session, 3 treatment comparisons being made in succession in random order. 


Thus the 2 samples in each paired comparison for a given taster were corresponding 
anatomical portions of fillets of the same fish. Order of presentation of samples within 
pairs was balanced as far as the number of tasters at a session allowed. Tasters were 
also asked to indicate their degree of preference as slight, definite or very definite. A 
yes-no judgment for texture acceptability was also requested. Taste tests were conducted 
generally with the usual procedure to eliminate bias and obtain independent judgments 


RESULTS 


(a) Determinations of salt-extractable protein nitrogen 

Data for salt-extractable protein nitrogen expressed in g per 100 g fish were treated 
by analysis of variance for storaze times separately (Table 1). Variation between fish 
was quite small but treatment differences occurred as storage proceeded 

To investigate treatment and storage effects further, fillets were taken as experimental 
units and variation between fish, in view of the results in Table 1, ignored. It was found 
that, over a period of 1 to 6 months, there was a trend, adequately described as linear, for 


a decrease in salt-extractable protein nitrogen; this linear rate was not significantly 
different for the storage treatments (Figure 1), the mean value being a !oss of 0.061 g 


TABLE 
Summary of analyses of variance of salt-extractable protein nitrogen (g per 100 g fish) 
Mean squares 
ize time (months) 


*** 


Treatments (adjusted for fish) 0.0620 0.2054** 0.1850** 0.1890**| 0.235 


8) 
Fish (ignoring treatments ) 5 0.0733* 0.0390 (0.0376 (0.0271 0.0114 
Intra-fish error 0.0188 (0.0376 0.0258 (0.0211 | 0.0134 


( Pooled error ) 0.0233 


Total 


One, two and three asterisks denote significance at probabilities of 0.05, 0.01, and 0.001 respectively. 
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per months (=> 0.012 on 56 degrees of freedom) of salt-extractable protein nitrogen per 


100g fish. The treatments, however, did differ significantly in mean levels; this 


result is accounted for by assuming that the mean level for the —10° C treatment is lower 
than those for the other 2 treatments and that the mean level for —18° C treatment is les 
than that for vacuum (P=0.05 approx). By comparing treatment regressions with the 
data for initial removal it was found that there was a highly significant decrease (P <0.001 
in salt-extractable protein nitrogen during the first month’s storage at —10° C; this change 
was also significant (P <0.01) for the —18° C treatment, but not for vacuum treatment 


These results are illustrated in Figure 1. They are also shown in terms of salt-extractable 
the mear 


protein nitrogen as percentage of total protein nitrogen, using for the latter 


of all observations. Total protein nitrogen determinations were constant to a fairly 


high degree of accuracy for the duration of storage used. 


(b) Organoleptic tests 
Paired comparison sensory difference tests f 
difference judgment. For the purpose of significance tests alone these judgments have beet 


or texture sometimes resulted in a 


ignored and the remaining data examined using a binomial model; the null hypothesis 
about treatments was tested against the alternate hypothesis that the lower temperatur: 
(or the vacuum pack) produced the preferable material. 

The data for initial removal gave no evidence for rejecting the null hypothesis; 


may be regarded as a check on procedure since at this stage the treatments were dummy 


The data for subsequent removals were accumulated beginning 
e tests inserted there show that after 
were never 


this 


at one month and are 
shown in Table 2. Results of the significan 2 months 
the —10° C treatment was always inferior in texture to both the others whic! 


significantly different. Thes¢ 1 


obtained 
separately but the accumulated data provide more 


results are consistent with those for storage tim 

reliable and sensitive tests. 

The no-difference judgments, however, must be regarded as giving some informatio1 

about the magnitude of the differences and the ability of judges to detect them. Henc« 
ler u this point of view. The model 
' 


the data, accumulated as before, have been cor 
j small indefinite pri 


used supposes that the no-difference judgmet . ite a 


TABLE 2 


Results of paired comparison tests for texture preferences; data accumulated 
from one month’s storage time 


Storage 
tin 
months 


0.24 
0.40** +(0.14 


0.22 


2/ 5 12 2 0.064 

34** l 46 16 2 0.36** +0.13 
30* 45 17 0.24* 
1 Mean score (number judgments favouring lower temp or ‘vacuum’ pack number judgments 
favouring higher number of judgments + an approx ». of 


temp or “no vacuum” pack) /total 


V total number judgments 
One and two asterisks denote significance at probabilities of 0.05 and 0.01, respectively 
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STORAGE PERIOD IN MONTHS 


Figure 1. Data for salt-extractable protein nitrogen plotted against storage time. 
The least squares fits for linear regression on times for period of 1 to 6 months is shown. 


the whole and that on the null hypothesis about the treatments the expected proportions 
of judgments for the treatments are equal; this is tested, as before, against the alternate 
hypothesis that the lower temperature (or vacuum pack) produced the better material 
On this basis the judgments may be regarded as right, wrong and not-different an 
trarily scored +1, —1 and 0, respectively; it can be shown that for a large number of 
judgments and a small proportion of no-difference judgments, the mean score is almost 
normally distributed about a mean of zero with a standard deviation nearly equal to, but 
not greater than, 1/V N where N is the total number of judgments. Mean scores and 
their approximate standard deviations so calculated are entered in the last column 
Table 2 together with the result of the significance test. These results are identical in 
nature, except in two instances, with those given previously. Hence, it can be taken 


generally that at and beyond a storage time of 2 months the —10° C pack is inferior to 
R 3 I 


the other treatments which are not significantly different; the tests ignoring the 
difference judgments appear to be slighly more sensitive, allowance being made for a 
slight difference in interpretation. 

Further to the tests made above, the data for degrees of preference were examined 


The degrees of preference slight, definite and very definite were arbitrarily scored as 


1, 2, and 3, respectively, (no-difference as 0); the signs of the scores were made positive 
if they were in accord with the alternate hypothesis made previously. Scores, d, obtained 
in this way, one for each judgment, were examined by calculating student's t from 
t=d/ [S(d -d)?/N(N 1)]? * with N—1 degrees of freedom, N being the total num 
ber of judgments. Results obtained by this method on the accumulated data beginning at 
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one month were consistent witl 
bilities; the differences shown 
using the binomial model on the 
degrees ot preterence only server 
Study of the classification 
rage proportion rr 


le Same stor: 


DISCUSSION 


of this experiment sugges 


} { lt 


changes in texture and loss of salt 
held at 
were not 


proportion of 


, 
to detect tterences between 


after one month’s storage when differences between proteit 
were significant at bability of 10% but not at 5% 
tastings, when dift 1 in extractability of proteins were 


] ' ] lx lanela « ] 
level or better, the panel was clearly able to distinguish te 


\lthough several workers, Dyer (2), Dyer and Morton 


fraser and Bligh (5) and Love (6) showed that deterioration it 

loss of salt-extract ibility ot proteins were r¢ ly parallel both 

non-fatty species of fish stored at —10° to —12° C, there is 

departures from this relationship. Dyer (2) found a marked fall in the tex 

of cod held at —12° C for one month and an even more pronounced fall 

actomyosin extractability. Dyer and Morton (3) working with plaice 
] 


12° C found very little alteration in texture up to 


7 
10 weet 


a slight but definite fall in extractability of actomyosin took place during 
period. With rosetish at —12° C, Dyer, Morton, Fraser and Bligh (6) f 
a sharp decrease in texture commencing after 15 weeks whereas actomyosin 
values did not begin to fa sharply until after 21 weeks itevarp and Heen 

9) found that herring and cod held at } wed sharp decreases 
texture ratings at ie en f one 1 h’s stor: y 
measure salt extractabili 

\t lower temperatures Dyer (2) found that Atlar 

at 23° ( showed the | relations| Ip between 


extractability as at highe ’ atu ver, Morton, 
could not, however, establish such a parallelism with rosefi 
or could Love (6) with t 30° ( In botl 


S Ill LOU 


hness of 
extractability had taken place. 
\lthou 


jected their data to statistical analysis, it is possible that the tferet 


the workers previously referred to do not 


ad 
oh 


tween some of their results and those quoted here for the higher storag 


between species While 


results suggest that texture and salt-extractability of the proteins of morwong 


held at temperatures as low as —18° C are directly related, it is possible that 


temperatures are due to essential differences 
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this relationship is merely fortuitous. It is clear from the results of these 
other workers that salt-extractability of proteins cannot invariably be used 
as an index of deterioration in texture of frozen fish held at temperatures 
below —20° C. 

The regressions in Figure 1 indicate that loss of salt-extractability in the 
muscle proteins occurred in two phases. During the first phase, up to one 
month’s storage, steep falls were recorded at both temperatures with a signifi- 
cantly greater loss at the higher temperature. In the second phase, extending 
from one to 6 months the rate of loss was markedly reduced at both tempera- 
tures and was apparently independent of temperature. Similar results have 
been found by one of us for mullet (Mugil dobula), a fatty fish, when stored 
at —10° C (W.A.M., unpublished data). 

Although it appeared that oxygen removal from the storage atmosphere 
retarded the loss in salt-extractability the average differences for this property 
as well as for textures failed to reach significance for the vacuum as compared 
with the non-vacuum samples at —18° C. Stansby (10) found that some, but 
not all, species of fish retained their texture better with this method of packing. 


SUMMARY 


Salt-extractability of the protein of frozen fish mscle has been studied in 
relation to its toughness as assessed by a panel of tasters, using the method of 
paired comparisons. The fish were stored at —10° C and —18° C in heat- 
sealed M.S.A.T. cellophane bags and at —18° C packed in cans under a vacuum 
of 22 in Hg. 

For the three storage conditions, differences in salt-extractability were 
associated with texture differences for storage times of two to six months. At 
the end of one month’s storage, tasters were unable to distinguish differences in 
samples. 

Two well-defined rates of loss of extractability were indicated by the re 


gression of protein on time of storage. The initial rapid rate of change de 


pended on temperature, while the subsequent slower rate was the same for the 
three storage conditions. 

Fish stored in evacuated cans were not significantly different from the 
controls in texture or salt-extractable protein. 
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The application of ionizing radiation to the preservation of a wide 
variety of food products is being investigated in many laboratories (4,5). 
Previous reports from this laboratory have considered the effects of irra 
diation on the spoilage microflora of fresh beef (7) and packaged frank- 
furters (2). From the microbiological standpoint these represented two 
divergent types of flora that are commonly encountered in meat products. 
The present report is concerned with similar studies on the microflora 
of semi-perishable canned hams that microbiologically may be considered 
a third type of product 


EXPERIMENTAL METHODS 


For the purpose of determining the radiation resistance of the indigenous microflora 
prior to heating, 4 hams that had been cured, boned, and canned, but not heat-processed, 
were purchased from each of 4 packing companies. The 4 companies are coded A, B 
C, and D. Two of the hams from each company were opened immediately and samples 
removed for bacteriological analysis. The remaining 2 hams from each company were 
frozen at —34° C and irradiated with approximately 1,000,000 rads (1 megarad). Two 
of the irradiated hams were opened immediately, 2 were incubated at 25° C, and 4 were 
incubated at 37° C before opening for bacteriological examination. Incubated hams were 
examined whenever swelling of the can became obvious, or at the end of one month if 
the cans appeared sound. The exact treatment of each of these 16 hams is summarized 
in Table 1. 

\ll irradiations of the canned hams were carried out at the Argonne National 
Laboratory in the M-2 container, a gamma ray source from spent fuel rods. The hams 
were at a temperature of approximately —30° C when placed in the irradiation cell 
and were irradiated at ambient temperature. Even after the one megarad irradiation 
(approximately 24 hr) the hams were cold to the touch. For these hams the radiation 
dosage was measured at various points on the surface of the can. Other experiments 
indicated that the decrease in dosage between the surface and center of the can ranged 


between 7.! 


and 16% depending upon the size of the can and position in the irradiation 


container, with an average decrease of 11%. The core dosage given in Table 1 is 


based on a calculated 11% decrease from the average surface dosage 

In another experiment 16 heat-processed canned hams were purchased 
same 4 companies. Those from each company had been heat-processed in the sam 
lot and were part of the regular production 

The precise heating schedule followed in the processing of these hams could not be 


iperature 


obtained although it is known that each of them were sprocessed to a core ten 
of at least 150° F, the minimum required by the Meat Inspection Division 
The subsequent treatment of each of these hams is summarized in Tabl 


cans from each company were incubated, one at 25° C, and the other 


‘Journal Paper No. 169, American Meat Institute Foundation. This paper report 
research undertaken in cooperation with the Quartermaster Food and Container Insti 
tute for the Armed Forces, QM Research and Engineering Command, U. S. Army, and 
has been assigned Number 938 in the series of papers approved for publication 


270 





EFFECT OF HEAT, IRRADIATION ON MICROFLORA OF HAM 


TABLE 1 


Irradiation and incubation schedule for 16 raw (unprocessed) hams prior 
to bacteriological examination 


Irradiation d 
Company and 2 in megar 
can size ; 


C 
( 

D 0 0 
D-2 0 0 
D-3 0.84 

D-4 0.86 12 


other two sets were frozen at —34°C, and irradiated, one set with approximately 
0.5 megarad and the other with approximately 0.25 megarad. All irradiated, heat- 
processed hams were incubated at 37° C until they were swollen, or for one month 
if the can appeared sound. 

Bacteriological examination consisted of emulsifying 10-g samples in 90 ml of 
sterile distilled water and quantitatively plating on APT agar (3). The plates were 


TABLE 2 


Irradiation and incubation schedule for 16 heat processed canned hams 
prior to bacteriological examination 


Irradiation dosage Ir 
ompany and in megarads 


icubation 


cat 
Surface Center Ly Temperature 


>< 
( 
( 


st 


0 0 
0 0 
49 44 


2 
23 


Ww ho 
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C 
C 
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0 
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TABLE 3 


Bacteriological examination of raw, non-irradiated canned hams prior to incubation 








Surface sample Boned area 


Ham number |——_____— an 2 
Bacteria/g Flora? | Bacteria/g Flora? 


71x10 ; 24x 10° 4 Microbacteria 
Micrococci | 3 Bacterium sp. 
2 Micrococci 
1 Gram-negative rod 


Lactobacillus ( 


Microbacteria 51x 10° 3 Micrococci 
Micrococci | 3 Lactobacilli (—) 

3 Bacterium sp. 2 Microbacteria 

1 Lactobacillus (—) | | 2 Gram-negative rods 


16x 10° : Lactobacilli (—) 19x 10° | 10 Lactobacilli (—) 
1 Leuconostoc 


14x 10° | 10 Lactobacilli (—) 44x 10° | 9 Lactobacilli (—) 
1 Leuconostoc 


6 Micrococci 95 x 10% 5 Micrococci 
4 Bacterium sp. 4 Bacterium sp. 
1 Lactobacillus (—) 


21 x 10° 


| 47x10 | 5 Micrococci | 67 | 5 Micrococci 
| 5 Bacterium sp. 4 Bacterium sp 
1 Achromobacter 


16x 10° | 6 Enterococci 12x 10° 4 Lactobacilli (—) 
3 Lactobacilli (+) 3 Lactobacilli (+) 
1 Leuconostoc 2 Gram-negative rods 
1 Enterococcus 


I 
5 2 Lactobacilli (+) 
3 Lactobacilli (—) 2 Micrococci 
9 > 
1 


Enterococci 


Gram-negative rods 


Gram-negative rods 
E 


| 

| 

| 67 x 10° 3 Lactobacilli (—) 

| 

| enterococcus 


1 Numbers preceding names of microorganisms indicate relative proportion of total population as 
determined by numbers of pure cultures isolated and identified. Lactobacillus (—) homofermentative; 
(+) = heterofermentative. 


incubated for 3 days at 30°C and counted. Ten representative colonies were picked 
from the appropriate dilution of each sample showing a significant bacterial population, 
and these isolates were identified as far as the genus. The following screening tests 
(2) catalase production, (3) relation to 


7 ] 


were run on each culture: (1) Gram stain, 
COz production from glucose 


oxygen, (4) motility, (5) nitrate reduction, and (6) 
\fter the results of these screening tests were available, other appropriate physiological 
tests were conducted to complete the identification as to genus, and in many cases to 
give a reasonable identification as to specie S. 

In addition, Gram strains were made from the 1:10 dilution in the Waring blender 
cup. In those cases where there was evidence that clostridia were present in significant 
numbers, aliquots were added to thioglycollate broth. 

Radiation resistance studies on selected pure cultures were conducted as described 
previously (7) using washed cells or spores resuspended in TY broth (1.0% tryptone 
0.5% yeast extract). The suspensions were removed from the cobalt furnace to an 
ice bath after specified periods of irradiation and quantitatively plated in a suitable 
medium. The radiation resistance was usually expressed as an LDw, the dose in rads 
to destroy 99% of the initial cell suspension. In most instances, irradiation was con 
tinued until the original viable population was reduced through at least 4 log cycles, 
and the shape of the survivor curve was determined. 





EFFECT OF 


Ham number 


=> : 
Incubation j 


HEAT, IRRADIATION 


TABLE 4 


Condition of ham 
| 


No gas, off-color 
or odor 


none 


} 
| 


5° C; 33 days | No gas or off-color, 


37° 


70° 


37 
37° 


37° 


1 All of these hams received approximately one megarad irradiation 


Table 1 


slight off-odor 


os a 
| No gas or off-color, 
| slight off-odor 


Slight gas, no off-color, 
slight off-odor 


none 
C; 33 days 


C; 30 days | No gas or off-color, 
slight off-odor 


No gas or off-color, 
slight off-odor 


C; 30 days | 


C; 30 days | No gas or off-color, 
slight off-odor 


| 
C; 12 days | Gas, no off-color 


or odor 


TABLE 5 


ON MICROFLORA OF 


Bacteria /g 


<10 


<10 


<10 


<10 


<10 


<10 


x 10° 


> 


Precise 


doses 


HAM 


Bacteriological examination of raw, irradiated canned hams after incubation’ 


Flora 


10 Enterococci 


are given in 


Bacteriological examination of heat processed, non-irradiated canned hams 


Ham number 


Incubation ( 


after incubation 


‘ondition of ham 


5° C; 30days | No gas, off-color 


D-5 


D-6 


1 Numbers preceding ni: 
1k mt 
determined by numbers of p 


or odor 


No gas, off-color 
or odor 


>: 30 days 


Hard swell, 
putrid odor 


>; 12 days 


Hard swell, 
putrid odor 


>; 5 days 


No gas. Off-odor, 
gelatin hydrolyzed 
and turbid 


; 31 days 


Slight gas, off odor, 
gelatin hydrolyzed 
and turbid 

No gas, off-color 
or odor 

Slight gas, no off 


cc Ic yr or < rc yr 


Bacteria g 


<100 


67x 10° 


69x 10 


25x 10 


76x 10 


10 Enterococci 
10 Bacilli 
10 B it illi 


7 Enterococci 
3 Lactobacilli 


10 Enterococci 


10 Bacilli 


population as 
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TABLE 6 


Bacteriological examination of heat processed, irradiated canned hams after incubation 


a Incubation 
Os. re : 
- a (days at Condition of ham 
surtace ane o 
37° C) 
(megarads) 


Ham number 
49 32 No gas, off-color 
or odor 


34 No gas, off-color <10 
or odor 


Hard swell, aerobic- 10 Bacilli 
putrid, gelatin 12x 10°; 
hydrolyzed, anaerobic- | 10 Clostridia 
mushy 12x 10° 


Hard swell, aerobic- 10 Bacilli 
putrid, gelatin 20 x 10°; 
hydrolyzed, anaerobic- | 10 Clostridia 
mushy 20 x 10° 


No gas, off-color <10 
or odor 

No gas, off-color 78 x 10° 10 Lacto- 
or odor, gelatin bacilli (+) 
turbid 


No gas, off-color 30x 10° 10 Bacilli 
or odor 


30 : No gas, off-color 122x 10 10 Bacilli 
or odor 


1 Numbers preceding names of microorganisms indicate relative proportion of total population as 
determined by numbers of pure cultures isolated and identified. 


Heat resistance studies were carried out by heating, in a constant temperature 
water bath, cells freshly suspended in a suitable growth medium. After the desired 
time intervals, tubes were removed from the water bath to an ice water bath and then 
placed in an incubator. 


RESULTS 


Microflora of raw and heat processed canned hams before and after irradiation. 
Results of the bacteriological examination of the raw, non-irradiated hams are sum 
marized in Table 3. The total count and type of flora were very similar between each 
pair of hams from the same company. In general, the surface count was higher than 
the count from the inner surfaces adjacent to the boned area, but the type of flora in 
these two locations was similar. Hams from companies B and D had relatively high 
bacterial counts, and most of the bacteria were homofermentative lactic acid bacteria 
that are very difficult to differentiate morphologically as lactobacilli or streptococci 
Hams from company A had the lowest count with microbacteria being the most com 
mon, but with some micrococci and Gram-positive rods detected. The hams from 
company C had an intermediate count, about evenly divided between micrococci and 
Gram-positive rods. These rods are identified as Bacterium sp. because no spores could 
be detected. However, it is possible that they actually are Bacillus strains. Most of 
the micrococci tended to form tetrads in broth culture and may be related to the genus 
Gaffkya 

The results with the 8 raw, irradiated hams are summarized in Table 4. Only one 
ot these hams showed bacterial growth after approximately one megarad irradiation 
and 30-day incubation. This ham contained 2 x 10° enterococci per gram 

The results of the 8 heat processed, non-irradiated hams are summarized in Table 5 
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and the 8 heat processed, irradiated hams in Table 6. Two of the heat processed hams 
showed no growth after incubation, 3 contained bacilli, and 3 contained enterococci. 
Lactobacilli also were found in one of the hams containing streptococci. 

Three of the heat processed irradiated hams showed no bacterial growth after irradia 
tion and incubation. However, one contained homofermentative lactobacilli, and 4 had 
moderate numbers of bacilli. The anaerobic spore-forming bacilli which predominated 
in hams B-7 and B-8 were not isolated or identified other than by morphological and 
cultural characteristics. 

Taxonomic study of Bacillus strains from canned hams. Thirteen Bacillus cultures 
isolated from the canned hams in the present study, and 24 Bacillus cultures that had 
been isolated by the laboratories of 4 meat packing companies from spoiled commercial 
canned hams were identified as to species using the methods suggested by Smith et a 
(6). The source of these cultures and their identification are summarized in Table 7 

Nineteen of the 37 strains were identified as Bacillus lichen nis. The cultures 
from the 4 heat processed hams from company B and 15 of » strains received from 
other laboratories were members of this species. Some of the distinctive characteristics 
noted among these cultures, especially those of importance in relation to their growth in 


canned hams are as follows: Relatively small size with central cylindrical or oval 


TABLE 7 


Icentification of Bacillus species isolated from heat processed canned hams 


Number 


dentificatior 
Pa poco el Identification 


am number 


Company B : B. licheniformis 


“niformi 
niformis 


niformis 


Company D - B. coagulans 
igulans 


agulans 
Received from Company B. licheniformis 


Received from Company 


Received from Company 3 


Received from Company 4 


spores which do not swell the sporangia; ability to grow anaerobically ; 
from nitrates anaerobically, and to some extent from glucose when cultured 
final pH of 5.2 or less in glucose broth cultured anaerobically ; gelatin, caseir 

I 7.5% NaCl broth, and some growtl 


strains in 15% NaCl. Two strains included in this species were identical t 


rapidly hydrolyzed; prompt growth in 
respects except that spores could not be demonstrated. Although 
media and techniques were attempted for this purpose, no spor 
these 2 strains as yet. 
rhe isolates from 3 of the leat I d hams from company 
strains received have been identified as Ba I 
small rods with terminal spores and swollen sporangia } 
but produced no gas from glucose or nitrate. The final pH in glucose b 
and anaerobically was below 5.2. Starch was hydrolyzed, but gelatin and casein 
hydrolyzed very weakly or not at all. These cultures did not grow in a broth containi 
5% NaCl. These cultures grew well at 37° C but little, or not at all, at 30°C 
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Five strains received from other laboratories were identified as Bacillus subtilis. 
These were small rods with central spores which produced no swelling of the sporangia. 
Anaerobically, they grew very poorly, if at all. Gelatin, casein, and starch were hydro- 
lyzed. All of these strains grew well in 7.5% NaCl broth and showed some growth 
in 12.5% NaCl. One strain was black pigmented when received, but when re-isolated, 
it did not blacken carbohydrate or tyrosine media. Evidently, a stable dissociant of 
either B. subtilis var. niger or B. subtilis var. aterrimus was inadvertently isolated. 

Three of the strains received were identified as Bacillus cereus. These were large 
rods with central oval to cylindrical spores that produced no swelling of the sporangia. 
On media containing glucose, many large vacuoles were observed in the cells. All grew 
well anaerobically and 2 produced gas from nitrate anaerobically. Gelatin, casein, and 
starch were hydrolyzed. They produced acetoin from glucose, and no acid from mannitol. 

Radiation resistance of Bacillus spores. Spore suspensions of 3 representative Bacil- 
lus strains were prepared and subjected to irradiation in the Cobalt-60 furnace. The 
LDo of the B. licheniformis strain was 249,000 rads, the B. coagulans strain 338,000 rads, 
and the B. cereus strain 513,000 rads. 

Heat resistance of lactic acid bacteria from canned hams. Ten representative 
strains of lactic acid bacteria that were isolated from the canned hams in the present 
study were further identified as to species, and their heat resistance was determined. 


These results are summarized in Table 8. Two strains of streptococci differed in 


TABLE 8 


Heat and radiation resistance of lactic acid bacteria from canned hams 


Source Min at 145° F 
Species (Ham - - Pan 
number) Survived Killed : 


125 130 


Streptococcus durans 


Streptococcus faecium =s 100 105 


80 85 


Streptococcus faecalis 
55 60 


Streptococcus faecalis 
Streptococcus faecalis var. 
liquefaciens 
Enterococcus sp. 
Enterococcus sp. 
Lactobacillus plantarum. 
Lactobacillus plantarum. 
Lactobacillus plantarum 


40 
6 
6 160 


( 


330 


several respects from known species and are listed as Enterococcus sp. The Strepto- 
coccus durans and Streptococcus faecium strains were found to be particularly resistant. 
This is in accord with our previous study of the heat resistance of a rather large 
collection of enterococci (1) in which it was noted that S. faecium strains from spoiled 
commercial canned hams were particularly heat resistant. 

Radiation resistance of lactic acid bacteria from canned hms. The radiation resist- 
ance of the unidentifiable enterococcus from ham D-4, that had received approximately 
one megarad, and a Lactobacillus plantarum from ham C-8, that had received approxi 
mately 0.2 megarad, is also given in Table 8. 

Heat and radiation resistance of enterococci from canned hams and other sources. 
Table 9 records the heat and radiation resistance of several strains of enterococci from 
canned hams and other sources. Particularly noteworthy is strain HS-5 of S. faecium 
This strain survived 130 min at 145° F and as much as 55 min at 150° F, and its 
radiation resistance was as high as that of most bacterial spores. It also may be noted 
that there is no direct correlation between heat resistance and radiation resistance. 
In addition, it was observed that strains of enterococci from canned hams generally 
were considerably more heat resistant than those from fecal sources. 

Strain HS-5 of S. faecium was selected to study the effect of combined heat and 
irradiation. When survivors of a heat treatment that killed 90% of the cells were 
subjected to irradiation, the survivor curve had lost some of its initial lag or induction 
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TABLE 9 


Heat and radiation resistance of enterococci from canned hams and other sources 





Min at 145° F LDoe 


Species Strain Source - (hiterad 
. nan orads) 
a Survived Killed 


Streptococcus faecium .| HS-5 canned ham 130 140 420 
Streptococcus faecium HD-4B | canned ham 100 110 280 
Streptococcus faecium HF-2A | canned ham 80 90 170 
Streptococcus faecium R-53 canned ham 70 80 650 
Streptococcus faecium US-7 pig gut 60 70 360 
Streptococcus faecium ARA-10 | pig gut 20 30 240 
Streptococcus durans 6056 ATCC 90 100 160 
Streptococcus durans 8043 ATCC 16 20 380 
Streptococcus durans ARA-2 | pig gut 16 20 300 
Streptococcus faecalis 3 GAP-2) human feces 40 50 140 
Streptococcus faecalis p 5 GAP-2) human feces a 40 140 
Streptococcus faecalis var. 

liquefaciens ARD-1 pig gut 20 140 


phase, but the curve was generally parallel to that obtained with the unheated cells. 
Cell suspensions that were initially irradiated to kill 90% of the cells appeared to be 
slightly more sensitive to heat than were unirradiated cells. However, the results 
were not striking and the main change in the survivor curve again was elimination of 
the initial lag phase. The presence of 5% NaCl in the suspending medium also appeared 
to sensitize the cells to both heat and irradiation. 


DISCUSSION 


Chese studies indicate that the bacterial load in canned hams prior to 
heat processing generally is unaccountably high and is composed largely 
of a variety of lactic acid bacteria. Irradiation with one megarad of gamma 
rays is adequate to destroy most of these organisms, but adversely affects 
t'« odor and flavor of the product. 

lhe usual commercial heat processing is not designed to kill the spores 
of clostridia and bacilli, and occasionally some of the lactic acid bacteria 
also survive. During subsequent refrigerated storage, surviving lactic acid 
bacteria may grow extensively and produce a sour product without produc- 
ing any gas in the can. In the present study, of the 8 canned heat processed 
hams incubated at warm temperatures, only 4 showed any evidence of gas 
production, and 2 of the sound cans showed no evidence of growth of sur- 
viving organisms after one month at 25° C. Irradiation of the heat processed 
hams at 0.2 to 0.5 megarad had only a slight additional effect on the sta- 
bility of incubated hams. Two of the four hams that received 0.5 megarad 
were sound after one month’s incubation and the other two were spoiled 
by sporeforming bacteria. 

rhe present study indicates that any combination of heat and irradia- 
tion that is adequate to sterilize canned hams will be of a severity that 
will adversely affect the acceptability of the product. Furthermore, the 
enterococci (particularly S. faecium) that sometimes survive otherwise 
adequately heat-processed hams also are unusually resistant to irradiation. 
rhus, low level irradiation would not be expected to reduce significantly the 
amount of heat processing required to produce a ham that is stable when 


refrigerated 
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SUMMARY 

The bacterial flora of canned hams before heat processing consisted 
largely of a variety of lactic acid bacteria. Either the normal commercial 
heat processing or irradiation with approximately one megarad of gamma 
irradiation destroyed most of the flora but permitted survival of spores of 
bacilli and clostridia and occasionally non-sporeforming lactic acid bacteria. 
The most troublesome of these latter organisms would appear to be Strepto- 
coccus faecium, some strains of which were unusually resistant to both 
heat and irradiation. The combination of moderate levels of heat and 
irradiation did not appear to have any particular advantage over present 
methods of heat processing followed by refrigerated storage. 
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} 


Spores of Clostridium botulinum are heat resistant \ny of these spores 


remaining in a non-acid medium stored under anaerobic conditions may 


grow and produce toxin. This toxin is heat labile; therefore, heating to 


boiling will inactivate it The fact that C/. botulinum toxin is readily 
1 


destroyed by heating suggested that irradiation may provide an alternative 
method of easily inactivating botulinum toxin. 

Unpurified C7. botulinum toxin in both broth and surface ripened cheese 
media was irradiated with a Cobalt-60 source, and extremely high dosages 
of irradiation were required for inactivation. Experiments were designed 
to determine: (a) the irradiation dosage required to reduce the toxicity 
of cheese or broth samples containing varying : al toxin levels to the 
minimum level measurable by intraperitoneal mouse injections (in this 
instance to less than 20 MLD per g of sample) and (b) the general pattern 
of reduction in toxicity as progressively higher doses of irradiation were 
applied to similar toxic samples. 

In sodium phosphate buffer solution purified type A botulinum toxin 
was readily inactivated by irradiation (3). The question then was whether 
or not purified toxin in the presence of food or broth medium would be 
similarly affected by irradiation. Purified type A botulinum toxin remain- 
ing from the latter experiments was used in a series of three tests by 
adding it to sterile trypticase broth and heated surface ripened cheese before 
irradiation with Cobalt-60. 


MATERIALS AND METHODS 


The following strains of Cl. botulinum were used to produce crude toxin 


Strain Type Obtained from 


Ss A Isolated in laboratory of Dept. of Microbiology, Univ. of Chicago, 
from an unpurified culture from cheese spread, received from the 
Food Research Laboratories, New York, N. Y. 

109 A Dr. K. F. Meyer, Hooper Foundation, Univ. of California. 


Crude Ci. botulinum toxin was produced by inoculating 100 ml portions of beef 
heart medium in 250 ml Erlenmeyer flasks with culture and incubating at 30° C for 
10 days. The toxic broths were freed of Cl. botulinum spores by centrifugation and 
filtration through a Seitz filter. After titration in mice for toxicity, the toxin was 
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diluted to the desired concentration with sterile trypticase broth or added to heat 


treated surface ripened cheese. 

Surface ripened cheese was warmed in a water bath at 70°C and stirred until 
homogeneous prior to the addition of the crude toxin. The cheese was weighed into 
a beaker, pasteurized at 90° C for 10 min and cooled to below 50°C. Sterile distilled 
water was added to restore the moisture lost during heating. Sufficient toxic broth 
(usually 10 to 15%) was added to yield the desired toxin level in the cheese. Four g 
portions were weighed into sterile 15 x 125 mm culture tubes. Four ml aliquots of 
diluted toxic broth were pipetted into similar tubes. The air above the toxic broth 
or cheese was evacuated to 400 mm Hg. In tubes containing cheese the air was 
replaced with a mixture of 90% Ne and 10% COs. The tubes were constricted 
approximately one inch above the surface of the sample and sealed. These samples were 
stored in a refrigerator until needed for irradiation. 

The toxin in the cheese and brotk samples was assayed at 3 levels; namely, 1,000, 
200 and 20 MLD by duplicate intraperitoneal injections into 16 to 20 g white mice of 
0.5 m! amounts of appropriate dilutions. The lowest level detected in cheese was 
20 MLD without encountering non-specific deaths from breakdown products. Similar 
titration levels were used for the broth samples for analytical comparisons. 

In experiments in which buffer solution, broth and cheese were to be compared as 
suspending media, purified toxin was added to sterile trypticase broth and heat treated 
surface ripened cheese. These broth and cheese preparations were tubed as described 
earlier, using an atmosphere of 90% Ne and 10% COs above all samples. Each day 
that irradiations were made, dilutions of toxin calculated to have the same concentra- 
tion as those in the broth and cheese were prepared in 0.05M sodium phosphate buffer 
solution from the concentrated toxin. Four ml portions were dispensed to tubes and 
sealed like the broth and cheese. 

Tubes of buffer solution, broth and cheese were irradiated with Cobalt-60 at 
several levels to establish each inactivation pattern. The temperature of irradiation 
varied between 3.5° and 8.0° C. After each irradiation exposure the tubes were opened, 
appropriate dilutions made in gelatin-phosphate diluent (1) and 16 to 20 g white mice 
injected intraperitoneally in 0.5 ml amounts. For the irradiated samples 4 mice were 
inoculated with each of several dilutions. For unirradiated samples 3 mice were 
inoculated with each dilution. Two or more separate series of inoculations were used 
to establish the toxicity of the unirradiated specimens. The mice were observed 4 days. 


RESULTS 


Effect of irradiating toxin of Cl. botulinum in surface ripened cheese. Preliminary 
( 


experiments designed to test the effect of gamma irradiation on Cl. botulinum toxin 
inoculated into surface ripened cheese showed that higher levels of irradiation than 
anticipated were required to inactivate botulinum toxin in this medium. Therefore, 
large irradiation dosages were used on surface ripened cheese inoculated with type A 
Cl. botulinum toxin produced in beef heart medium (Table 1). In one trial with toxin 
produced by strain T, the dosage required to reduce the toxicity from above 1,000 
MLD to below 20 MLD was 7,300,000 rads. Similar results were observed in three 
trials with toxin produced by strain 109. In Trial 1 the toxicity was not reduced 
from above 1,000 MLD to below 20 MLD by 7,300,000 rads. In Trial 2 this dosage 
was sufficient to reduce a comparable level of initial toxicity to less than 20 MLD. In 
Trial 3 a toxicity above 1,000 MLD was not reduced to below 20 MLD by 6,700,000 
rads. These levels of irradiation were much higher than those required to inactivate C! 
botulinum spores in surface ripened cheese, and slightly higher than the dosage required to 
reduce similar levels of type A Cl. botulinum toxin in broth to a comparable 

Effect of irradiating toxin of Cl. botulinum in trypticase broth. After observing the 
botulinum toxin in cheese by irradiation with Cobalt-60, it 


end point 


slow inactivation of Cl. 
was suspected that this medium possibly contributed protection to the toxin. Therefore, 
several experiments were conducted in which unpurified type A Cl. botulinum toxin 
in trypticase broth was irradiated at varying dosages. Data from 4 experiments with 
toxic trypticase broths are shown in Table 2. 





INACTIVATION OF CL. BOTULINUM BY IRRADIATION 


TABLE 1 


The effect of varying dosages of irradiation with Cobalt-60 on type A Clostridium 
botulinum toxin in surface ripened cheese in partially filled sealed tubes’ 


Toxin produced by 


Irradiation “ey ; : 
dosage (rads) Strain T : Strain 109 ; 


(000 omitted) Trial 1 Trial 1 Trial 2 Trial 3 
MLD toxin MLD toxin MLD toxin 


None 0 1,000 1,000 
330 ; 1,000 1,000 
490 , 1,000 1,000 
650 2 1,000 1,000 
800 
900 ,000 1,000 

1,300 2 200 200 

1,600 2 200 200 

2,000 200 200 

2,900 200 200 

3,900 200 200 

4,800 20 20 

5,900 20 20 

6,700 

7,300 Less than 20 20 Less than 20 


1 Atmosphere above cheese in tubes was 90% Na+ 10% COs. 
2 Between 1,000 and 10,000 MLD 


In Trial 1 with toxic broth produced by strain T, 4,000,000 rads was insufficient 
to reduce the toxicity from above 1,000 MLD to below 20 MLD. In the second tria 
a toxic broth from strain T, which had an initial toxicity near 1,000 MLD was reducec 
by 4,000,000 rads to below 20 MLD. The toxic broths produced by strain 109 hac 
higher initial toxin levels. In Trial 1 with toxic broth from this source, the toxir 
level was not reduced from above 1,000 MLD to below 20 MLD by 4,000,000 rads 
The second broth sample from strain 109 had an even higher initial toxin level that 
was not reduced to below 20 MLD by 4,900,000 rads. 


TABLE 2 


The effect of varying dosages of irradiation with Cobalt-60 on type A Clostridium 
botulinum toxin in trypticase broth in partially filled sealed tubes 


Toxin produced | 

Irradiation ; train 109 
losage (rads scheenien . . 

ymitted po - 

— Trial 1 Trial 2 rrial rrial 

MLD toxin MLD toxir MLD tox MLD toxir 

None 1,000 1,000 1.000 1,000 
330 1.000 200 1.000 1.000 


500 200 200 OOO 


200 ] 1 OOO 


670 200 
1,000 (x 200 
1,300 200 
1,700 2 200 
2,000 2 %” 
2,500 2 
3,000 2 20 
3,500 
4,000 2 Less than 20 
4.900 Less than 20 


Atmosphere above broth in tubes v 
Between 1, and 10, MLD 
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In cheese and broth containing type A Cl. botulinum toxin there was an orderly 
destruction of the toxicity during the extended irradiation exposure required to reduce 
the varying initial amounts of toxin to the proposed endpoint (less than 20 MLD). 

Effect of irradiating purified Cl. botulinum toxin in buffer solution, broth and cheese. 
Data from 3 experiments in which comparative studies were conducted on the irradia- 
tion inactivation of purified type A Cl. botulinum toxin in 0.05M sodium phosphate 
buffer solution, 5% trypticase broth and surface ripened cheese are shown in Tables 


3, 4 and 5. A rapid reduction in the toxicity of the purified toxin in pH 7.5 sodium 


TABLE 3 


A comparison of the effect of irradiation with Cobalt-60 on purified type A Clostridium 
botulinum toxin in sodium phosphate buffer solution, trypticase broth, 
and heated surface ripened cheese 


Surface ripened 


Sodium pt 
8% solids) 


cheese ( 


Irradiation iffer - 

dosage ds putter sol m o solu 
rire towed (0.05M—pH 7.5 pH 7.1 (pH 6.2) 
hoa MLD toxir MLD toxin 


20,000 20,000 20,000 


2,000 
50 
180 20 
340 10 
700 Less than 5 
1,000 Less than 5 
1,400 Less than: 
2,800 10,000 
5,600 2,000 
8,400 1,000 
11,000 200 
14,000 100 
20,000 20 


Atmosphere above samples in tubes was 90‘ 


phosphate buffer and a decreased rate of reduction of the same toxin occurred in 
either trypticase broth or cheese. For example, in the first experiment (Table 3) the 
toxic buffer solution was reduced from 20,000 MLD to less than 5 MLD by 700,000 
rads. The same initial concentration of toxin in broth required 20,000,000 rads for 
reduction to less than 5 MLD. In cheese 20 MLD of toxicity remained after irradia- 
tion with 20,000,000 rads. The lowest level of toxin that can be tested in cheese is 
20 MLD without possibly encountering non-specific deaths from the diluted cheese 
medium. Similar inactivation patterns were observed in the second and third experi- 
ments (Tables 4 and 5) where the initial toxin concentration was 200 MLD rather 
than 20,000 MLD. These data indicated that the complex media (5% broth or cheese) 
contributed protection to the toxin which increased the inactivation dosages approxi 
mately one hundredfold above those required to inactivate the toxin pH 7.5 sodium 
phosphate buffer solution. The differences between the inactivation dosages for broth 
and cheese were usually less than twofold, which indicated that the protective effect 
There probably was adequate protein 


of 5% solids is almost as great as 50% solids. 
material in the broth to shield the toxin molecules because the inactivation patterns 
were similar whether the initial concentration of toxin was 20,000 or 200 MLD. 
Other components of the cheese (e.g. butterfat) may have contributed to the greater 
protective effect of cheese, although the higher protein concentration also may have 
been an important factor. 


DISCUSSION 
The data on broth and cheese to which purified type A Cl. botulinum 
toxin was added are in agreement with earlier experiments in which type 
\ Cl. botulinum toxin was produced in broth culture and subsequently 





INACTIVATION OF CL. BOTULINUM BY IRRADIATION 


TABLE 4 


A comparison of the effect of irradiation with Cobalt-60 on purified type A Clostridium 
botulinum toxin in sodium phosphate buffer solution, trypticase broth, 
and heated surface ripened cheese’ 


Sodium phosphate ryptic: roth Surface ripened 
buffer solutior 5% solution cheese (57% solids) 
( 5M—-pH 7.5) (pH 7 (pH 6.9) 
7 if 1 . | 
(000 omitted MLD toxir | Oxi! MLD toxin 


Irradiation 
dosage (rads 


200 2 00 
100 
100 
20 
10 
ess than § 
110 ess than 5 
170 ss than 5 
340 ess than 5 
510 ess than 5 
680 200 
1,400 200 
2,700 5 100 
5,500 50 
8,200 s than: Less than 20 


Atmosphere above samples in tubes was 90¢ 
freed of spores by Seitz filtration. For example, with the purified toxin 
» reduce the toxicity 
00,000 rads were re- 


in cheese (Table 4) 8,200,000 rads were required 
from 200 MLD to less than 20 MLD. Similarly, 5, 
quired to reduce the toxicity of trypticase broth from 200 MLD to 10 MLD. 


t 
5 


When unpurified C/. botulinum toxin was added to cheese and broth, cheese 
was reduced from a toxicity of 1,000 MLD to less than 20 MLD by 
7,300,000 rads (Table 1) and broth from a toxicity of 1,000 MLD to less 
than 20 MLD by 4,000,000 rads (Table 2). 


TABLE 5 


A comparison of the effect of irradiation with Cobalt-60 on purified type A Clostridium 
botulinum toxin in sodium phosphate buffer solution, trypticase broth, 
and heated surface ripened cheese 


ypticase brotl Surface ripened 
5% solution) heese (59% solids 
(pH 7.0 (pH 6.0) 
MLD toxin MLD toxin 


2K 200 


( 


14 


57 
6380 
1,400 
2,700 
5,400 
8,100 
11,000 


Atmosphere above samples in tubes 
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When COs, 90% Nz + 10% COs, and air were compared as atmos- 
pheres above toxic trypticase broth in partially filled sealed tubes, there 
was no apparent differential influence on the rate of inactivation of the 
Cl. botulinum toxin in the broth (2). 

Cl. botulinum toxin is labile to heat when in solution or in a medium 
containing a high percentage of solids. Although botulinum toxin is readily 
inactivated by irradiation when in a dilute buffer solution, its tolerance to in- 
activation increases when additional protein is present; therefore, irradiation 
is not a satisfactory alternative method of inactivating C/. botulinum toxin. 


SUMMARY 

I:xperiments designed to test the effect of gamma irradiation with 
Cobalt-60 on Clostridium botulinum toxin added to surface ripened cheese 
disclosed that levels of irradiation higher than anticipated were required 
to inactivate botulinum toxin in this medium. 

Unpurified type A Cl. botulinum toxin added to cheese required higher 
levels of irradiation to reduce the toxicity to below 20 MLD than toxin 
irradiated in a broth medium. In cheese, where the initial toxin level was 
above 1,000 MLD, reduction of the toxicity to below 20 MLD required at 
least 7,300,000 rads. In broth toxin levels above 1,000 MLD were not 
reduced to below 20 MLD by less than 4,000,000 rads, and mainly at least 
4,900,000 rads were required. 

In contrast, purified type A Cl. botulinuin toxin in 0.05M sodium phos- 
phate buffer solution was reduced from 20,000 MLD to below 20 MLD 
with 340,000 rads, or from 200 MLD to less than 20 MLD with only 
29,000 rads. 

Purified type Cl. botulinum toxin was added in the same concentra 
tion to 0.05M sodium phosphate buffer solution (pH 7.5), sterile 5% 
trypticase broth and heat treated surface ripened cheese. These prepara- 
tions were subjected to gamma irradiation with Cobalt-60 at several dosage 
levels. Three experiments showed that the addition of 5% trypticase broth 
to the toxin increased the irradiation dosage necessary to inactivate the 
toxin approximately one hundredfold compared to the irradiation of toxin 
in sodium phosphate buffer solution. Toxin was protected from inactivation 
slightly more by the cheese medium than by broth 
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In general, two methods have been commonly used to measure radio 
sensitivity of bacteria. One involves the determination of the minimum 


sterilizing dose for a definite bacterial population. This procedure permits 
precision in determining a point on the survival curve, but fails to define 
the slope of the curve. The point of destruction varies with the initial 
number of cells or spores. The more commonly used second method relies 
on estimating the fractions of microbial survivors for graduated doses 
However, conventional plate counting procedures used for this purpose do 
not give precise values when the number of survivors is small, especially 
in the range below 10 per ml. The latter method does furnish satisfactory 
data on the slope of the survival curve if the selected plating and cultural 
conditions are favorable for growth. The present report describes a multiple 
tube probability procedure which applies advantageous features of both of 
the above methods and improves the reliability of data by permitting the 
use of large numbers of replicate samples per radiation dose with rapidity 
and ease 

he sensitivity of Bacillus coagulans (B. thermoa 
gamma rays has been studied by several investigators 
colleagues (8, 9, 10, 14, 15) found that irradiation of the spores with gamma 


durans ) spores to 
Proctor and his 


or with cathode rays under atmospheres of air, oxygen, nitrogen or vacuun 
did not appear to affect their radioresistance either in frozen or in non 
frozen saline. However, sensitivity was affected by pH or type of suspending 


medium used, and by the age of the spores irradiated. The mode of deatl 
was apparently exponential. Morgan and Reed (73) reported that the 
resistance of the spores to irradiation could be changed | 
as by the amount of aera 


vy the incuhatior 


temperature at which they were grown, as well 
tion during growth. Tarpley ct al (21), working with mixtures of organisms 
including B. coaygulans spores, concluded that radiation doses between 2.5 
and 3.0 megarad were required to sterilize 
initial counts of 108/ml. 

coagulans is an important food spoilage organism, for which 
was selected for additional study 


‘ortisone acetate containing 


Since B. 
some radiosensitivity data are available, it 
with the multiple tube probability method 


METHODS AND MATERIALS 
Test organism. facil! vagulans 43P, obtained from Dr. C. F. Schmidt, Conti 


nental Can Co., Chicago, Illinois, was employed in these studies. Stock cultures of t 


*This paper reports research conducted by the Quartermaster Food and Container 
Institute for the Armed Forces and has been assigned No. 981 in the series of paper 
approved for publication 


285 





286 As . J. CICHON, MORTON M. RAYMAN 


organism were maintained on slants of trypticase soy agar (BBI.) fortified with 0.5% 
yeast extract. 

Preparation of standardized spore suspension. Twenty 32-0z prescription bottles, 
each containing 200 ml of thermoacidurans agar (Difco) as slants, were inoculated with 
3 ml of a 24-hr culture of B. coagulans grown in thermoacidurans broth at 45° C, spread 
uniformly over the agar surface, and incubated for 7 days at 45°C. The cultures were 
washed off the slants with M/15 phosphate buffer pH 7.0, combined, and washed 4 times 


by alternate centrifuging and resuspension with buffer. The spore crop was suspended 
in 300 ml of the buffer in a 1000-ml sterile Erlenmeyer fii 


isk containing glass beads, 
pasteurized at 95° C for 5 min to destroy vegetative cells and possible air contaminants, 


+ 


and stored at 5° C. A most probable number (MPN) count was performed on the stock 
spore suspension by preparing consecutive decimal dilutions in buffer and subculturing 
one-ml aliquots in five replicate screw cap tubes of MPN medium. This medium con 
sisted of thioglycollate medium No. 136C (BBL) which had been enriched with 0.5% 
glucose, 50 ppm t-alanine, 10 ppm adenosine and 10 ppm Mn™ as MnSO, (MPN 


medium). Of 21 spore germination media examined, the latter medium produced the 
most satisfactory results. The tubes were incubated for 6 weeks at 45°C and the 
number of spores estimated by employing Fisher and Yates statistical 7 
» 


Filling of glass tubes. A small quantity (2 to 3 ml) of the stock spore suspen 
sion was heat-activated at 95° C for 5 min, suitably diluted either in chilled phosphate 


buffer pH 7.0 or in protein-fortified skim milk” to yield approximately 1 x 10° spores 
per ml, and shaken vigorously by hand for 15 min to uniformly disperse the spores 


nl, 
Employing an automatic pipetting machine, one-ml amounts of the suspension wer« 
distributed aseptically into sterile 10 x 75 mm pyrex tubes he dispensing techni 


/ 
was that of Anellis, lubas, and Rayman (1 lhe tubes were then stoppered with steril 


otton plugs. 

Canning of tubes. \ set of 10 tubes was inserted in each No 2 can containing gelled 
2% agar. Holes had been bored in the agar to hold the tubes snugly at a depth such that 
the center of the spore suspension was located in the plane midway between the top and 
bottom of the can, which corresponded with the enter position ot the dosimeter 
Because 2% agar gel is practically unit density, dosimetry comparisons between cans 
filled with gelled agar and with water showed no measurable 


were spaced uniformly along a circumterence about 14-in from the can wall. To prevent 


1 
i 
] 
I 


ifferences. The tubes 


the wetting of the cotton plugs due to condensate collecting at the top of the cans, it 
as necessary to allow 1- to 1 j-1n oO! headspace above the agar in the cans and to place 
+ layers of filter paper disks over the tubes. The cans were then sealed in the presence 
of air or n n. Nitrogen gassing was accomplished by slowly evacuating the 
hamber of the can closing machine to a pressure of 0.5 atmosphere and holding at 


lling the chamber with nitrogen to a pressure of 1.5 


this level for 1.5 min, then f 2 
atmosphere and holding for 1.5 min. The evacuation-nitrogen-flushing-cycle was re 


eated and ‘ wer aled under nitrogen gas at a pressure ot 15 mm Hg above 


itmospheri produced a finai xvgen concentration in the ! dspace ot 


the cans of about 2% by Irsat analysis Sealed cans were packed in » for 20 
to 24 hr during storage and transportation to the rad source 

Radiation treatment and dosimetry. Cans were expo: Oo gamma rays at the Hig! 
Level Gamn Irradiation Facility of the Argonne National Labor J Ch adia 
tion souc t les | i 


about 100 kilorads were sel " spacing the do \iter irradiatior 

cans were held in wet ice overnight before opening, unless stat herwise. 
Recovery of irradiated spores. wrder to detect surviving spores in irradiated 
samples, one ml of MPN medium w: Ided a eptically to each tube and, after sealing 


10¢ skim milk 5% + 0.5% phytone (BBL) 
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in an oxy-gas flame, the tubes were incubated at 45° C for 6 weeks. Double 
MPN medium was used for experiments with phosphate buffer suspensions, singl 
strength broth being employed with milk suspensions. The growth of the organism was 
excellent under these anaerobic conditions. Visible turbidity readings of the tube contents 
were made for phosphate buffer suspensions at weekly intervals, and the number of 
tubes out of 10 showing survivors at each irradiation dose level was recorded. Positive 
growth samples in fortified milk were detected by turbidity throughout the tubes and by 
clotting of the casein. It was noted that a significantly higher number of positive tul 
vere obtained in the milk substrate by the addition of single-strength MPN medium 
than in its absence. As a supplemental precaution to rule out possible contaminating 
organisms, whenever endpoints of survival for a set showed fewer than 4 positive tubes 
out of 10, those cultures were confirmed by agglutination reactions with antiserun 
prepared from the test organism and by a bromocresol purple acidity test 

Calculation of radiation resistance. The computations adopted are based on the 
assumption that the order of bacterial death by ionizing radiations is logarithmic, and 
is expressed in terms of Dp, the slope of the linear radiation resistance curves (17 


The value of Dp, the dose required to reduce a bacterial population by 90%, was calcu 
lated adapting the probability method of Schmidt (178), originally developed for treating 
heat resistance data. The latter method is modified only by substituting the irradiation 
dose for the exposure time to heat 
Che calculation procedure is illustrated in Table 1 using the experimental 

lable 3. Thus, in an experimental series emploving 7 test doses, the survival-kill dat 
are available from a total of 70 tubes. For any set of 10 tubes, dependent on the dose, 
culturing may show survivors present: (a) in all 10 tubes; (b) in none; or (c) in some 
but not all of the 10 tubes. Consequently, endpoints and partial-survival points are obtai 
able An endpoint, therefore, 1s the dose ran between the highest dos¢ howimnge some 


positive cultures and the lowest dose showing all negative cultures 


D 


{ t 


Cumulative values shown in columns mw and n are based on two assumptions rst, 
that any tube not showing survivors at a given dose would not show survivors at a 
greater dose, and, second, that any tube showing survivors at a given dose would show 
survivors at a lesser dose. Values in column m for each dose were obtained by adding 
upward the number of positive tubes starting with the greatest dose and proceeding to 
the least. Cumulative values in column n for each dose were obtained by adding dow 
| 


ose and procecding to the 


ward the number of negative tubes starting with the least « 


greatest dose. An equation for probability of sterility at any irradiation dose, 


vas used to compute the probability (Column P). Plotting on arithmetic probability 
paper the dose against the probability of sterility yields a straight line fitted to the points 
he dose read from the curve representing P = 0.50 is called the L..D.s point. It corr 


sponds with a dose at which 50°; of the tubes tested will be sterile According to the 


LaPlace law of succession equation 
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studies of Halvorson and Ziegler (11), when 50% of such a series of tubes is sterile, 

the population is most likely to contain 0.69 surviving organisms per tube. Figure 1 

shows probability of survival plotted against dose from the data in Table 1. The value 
of Dp was calculated according to the following equation: 
L.D.s0 L.D.so 

Dy ——_—--—- or -—~-——— 

log N. — log 0.69 log N, + 0.16 

where N, is the initial number of organisms per tube It is important that the spacing 

of doses should be so selected that partial survival points occur on both sides of the L.D.s» 


point. 
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Figure 1. Arithmetic probability curve. 


\ comparison of the Dp values using L.D.s points obtained by the probability 


method and by the rigorous but tedious probit method of Finney (6) resulted in an 
average difference of 0.83 krad. The range of deviations was from —0.9 to +2.4 krad. 
Compared with the inherent errors in dosimetry, these small differences are regarded 
as unimportant. 

Construction of survival curve. Sinc 
log paper is linear, it may be defined in terms of a point and a slope. The slope is Dp. 
log percent survival at the experimental sterilizing 
10. 


an exponential survival curve ploted on semi 


The point may be chosen as the 
Ds, or the minimum dose which produced no positive tubes out of 


dose 
The percent destruction at the Ds point is based upon the following considerations 

\t a sublethal dose when 1 out of 10 tubes shows growth, it is assumed that the spore 
oncentration is at least 0.1 per tube. When none out of 10 tubes shows growth at 
the lethal dose, the number of survivors remaining is less than 0.1 per tube. Arbi 
trarily choosing a midpoint between 0.1 and 0, a value of 0.05 per tube was adopted 
as a practical approximation for treating these results. Thus the percent survival at the 
0.05 

lestruction point was calculated as —— 


N 


100, which locates the curve in the plane 
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RESULTS AND DISCUSSION 


Experiments to standardize the technics of the multiple tube proba- 
bility method were carried out prior to a study of the radiosensitivity 
characteristics of B. coagulans. ‘These studies were designed to clarify 3 
problems : 

a. Effect of geometric location of spore suspensions in radiation field 
on recovery of irradiated spores. Since there are 12 locations within the 
radiation rack at which sample urns may be placed, and 5 sites within each 
urn which could retain No. 2 cans, a maximum of 60 sites are possible. 
In early trials tubes containing spore suspensions were flame-sealed and 
were mounted at the bottom of water-filled cans. These cans were then 
placed at randomly selected locations in the radiation source in the rack. 
lable 2 shows such an experiment with 8 radiation sites in use. It will be 
noted that complete destruction resulted when an apparent dose of 650 krad 


TABLE 2 
Pattern of dose-survival data for B. coagulans spores as influenced 
by geometry of irradiation source 


No. of tubes out of 10 showing survivors in various geometric locations 


ubation Site 


iated Dose rat 
rad/mti 


Total do 
Krad 


> 
5 
5 
5 
5 


was supplied; yet half or more of the tubes showed bacterial survival when 
exposed to higher doses, as 740 and 840 krad, respectively. The mortality 
data do not follow the expected orderly progression of spore destruction with 
increasing dosage. It was learned that the glass cell dosimeters were con 
ventionally mounted in the center of the corresponding cans. This meant 
that the center of the spore suspensions was well below the center of the 
dosimeters, and that the spotty pattern of kill was probably due to non 
adiation field. When the geometry of 


uniform dose distribution in the r ’ 
the samples was corrected by elevating the spore suspensions to a level in 
all subsequent 


1 


the can corresponding with the midplane of the dosimeter, 
experiments gave regular progression of spore destruction with increasing 
dose (Table 3). I-xperience has indicated that the uniformity of the radia 
tion fields in the 3 central region t the are quite satisfactory for 
precision dosimetry and mortality data 

b. Effect of incubation time on recovery of irradiated spores. Problems 
of dormancy in recovering cultures from heated spores have long been 
recognized (5); hence the analogous situation with irradiated spores was 


explored. The importance of prolonged incubation which must be employed 
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TABLE 3 


Influence of incubation time on radioresistance data for B. coagulans spores 


survivors at indicated irradiatior 


pH 


Irradiated it 


Dp 122 Krad 


for overcoming dormancy of irradiated spores is illustrated in Tables 2 
and 3. These results are representative of the great majority of the experi 
ments performed. In no case has there been maximum recovery of spores 
in less than 3 weeks. In some instances 5 weeks of incubation were required 
for the maximum number of tubes showing germination and growth within 
the arbitrarily selected 6-week period. In contrast, it has been common 
practice for other investigators, who have studied B. coagulans, to enumer 
ate irradiation survivors on agar plates after only 2 to 3 days of incubation. 

c. Effect of time of addition of medium after irradiation on radio 
resistance of spores. If samples are irradiated at a gamma ray source and 
then transported to a distant bacteriological laboratory, it is possible that 
the time lag may change the viability of radiation-damaged spores. Such 
spores remaining in contact with the irradiated buffer solution might con 
ceivably recover if nutrients were added shortly after irradiation. Another 
hypothesis was considered, namely, that toxic products might be formed 
during irradiation and that the damaged survivors on prolonged contact 
could succumb to the lethal action of such products. 

Three replicate series of tubes containing spores suspended in phosphate 
buffer were irradiated and stored at 4 to 5° C. Each of the sets was then 
cultured, respectively, 0.5 hr, 24 hr, and 7 days after irradiation to simu- 
late shipping intervals which might prevail. The findings are shown in 
Table 4. While the average Dp values appear to indicate a slight, con- 
sistent decrease with longer storage time, the small individual differences 
in radioresistance are within the experimental error of the method, since 
(a) the two extreme results vary within 10% of one another, and (b) the 
average Ds values show little or no variation. These results confirm the 


TABLE 4 


Effect of adding germination medium to irradiated B. coagulans spores at various 
time intervals. Spores suspended in phosphate buffer pH 7.0 


Dp value | Ds value 
Medium added , o% 
) 1 added 7 
after irradiatior Krad Krad 


(days Expt. 2 Ave Expt. 1 Expt. < 


126 840 1020 
113 1020 930 
111 930 930 
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conclusions of Morgan and Reed (13) who, employing F.S. No. 1518 in 
pea puree, showed no consistent change in the recoverable number of 
gamma-irradiated spores during 4° C storage for periods as long as 8 weeks. 

Having standardized the multiple tube probability method by eliminating 
some of the sources of error in technic, measurements of radiosensitivity as 
affected by gaseous environment, dose rate, initial spore concentrations, 
and protective substrates were next investigated. 

Effects of gaseous ervironment and dose rate on radiation resistance 
in phosphate buffer. Approximately 400 tubes were filled with a phosphate 
buffered spore suspension. Half were canned under air and the remainder 
under nitrogen gas. The oxygen concentrations in the 2 atmospheres were 
about 21% and 2%, respectively. Also included in the experimental design 
was a comparison between a high and a low level irradiation dose rate, 
the high level selected being double the low intensity. For three replicate 
experimental runs conducted several months apart, the high level intensity 
varied in range from 20.6 to 34.6 kilorads per minute. 


TABLE 5 
Influence of gaseous environment on radioresistance of B. coagulans spores in 
phosphate buffer pH 7.0 
Atmosphere ~— =i o Kr i “a ~ 1 
\ir High* 129 1030 
Air Low 129 960 
\verage : 129 1000 


Nitrogen High 154 1200 
Nitrogen Low 166 1270 
Average : 160 1240 


Mean val 
High level c | l l. High/low dose 3 paired experiments 
15 17.2 (Krad per min) 
14.6 (Krad per min) 


Data in Table 5 show that the radioresistance of these spores was 
appreciably greater in tubes filled with nitrogen than with air. A lowering 
of oxygen concentration under these conditions resulted in a 24% increase 
of the Dp value, equivalent to a ditference of 31,000 rads Chis observation 
is at variance with the finding of Proctor and coworkers (8, 9, 14, 15) 
Working with saline suspensions of an undesignated strain of B. coagulans 
spores, they reported no difference in resistance to gamma rays in air, 
oxygen r nitrogen. 


Within the limited range of dose rates employed in these experiments, 


it does not appear that radiosensitivity was dependent on dose rate (Table 
Doubling the intensity of gamma radiation had no influence on either 
iJ, OF Ds values, regardless of the atmosphere used Results obtained 


ith the multiple tube probability method are in accord with the 
earlier observations by a number of investigators (3, 4, 10, 12, 13, 16, 20) 
, 


r lestruction of various bacteria 


showing dose rate independence for t 


either gamma or cathode rays 
Effect of protective substrates on radioresistance in air and nitrogen. 
\ series of experiments was carried out to determine the extent of radia 
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TABLE 6 


Influence of gaseous environment on radioresistance of B. coagulans 
in protein-fortified skim milk 


ee Dp value Ds value 
Atmosphere “Geter ~ eoet 


Air 198 1670 
Air 182 1490 

Average : 190 1580 
Nitrogen 214 1670 
Nitrogen 217 1580 
Average: 216 1630 





tion protection afforded by an aqueous substrate rich in organic matter 
and to determine whether nitrogen gas continued to exert its protective role 
in this medium. Protein-fortified skim milk was used as the suspending 
medium for the spores. For each experimental run about 300 tubes, con- 
Half of the samples 


taining such spore suspensions, were packed in cans. 
Results 


were air-sealed ; the remainder were nitrogen-sealed, then irradiated. 
shown in Table 6 are compared graphically in Figure 2 with corresponding 
data for phosphate buffer. 

The “substrate effect,’ as measured by the difference in Dp values 
between milk and buffer, was virtually the same for both gas packs; viz., 
56 krad for nitrogen and 61 krad for air. It was also observed that the 
“oxygen effect,” that is, the difference in Dp values between nitrogen gas 


PHOSPHATE BUFFER SUSPENSIONS: 
I AIR: Ops!i7, Dg*970 

I No‘ 0p*!60, 0,*i230 
ENRICHED MILK SUSPENSIONS: 

IT AIR: 0p*!90, 0g *!580 

IZ No : Dp*2i6, 0,*1630 


u ° 
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0 
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! 
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Figure 2. Effect of protective substrate and oxygen tension on resistance of 
B. coagulans spores to gamma rays. Approx. 1x 10° spores per tube. 
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26 and 31 krad for 


and air packs, was similar for both substrates; viz., 
milk and buffer media, respectively. It thus appears that the protective 


influence of nitrogen and of organic matter in the suspending menstruum 
were independent and additive factors. 

Effect of spore concentration on D, and Dg values. The Dp calcula- 
tion is based on the premise that a majority of the species of bacteria 
undergo exponential destruction when exposed to ionizing radiations and 
thus possess straight line survival curves. Therefore, the Dp value, which 
represents the slope of the line, should remain independent of the initial 


number of organisms irradiated. To test this concept with the multiple 


tube probability method, a series of experiments was conducted employing 
spore concentrations of 10*, 10° and 10® per tube. Data for phosphate 
buffer suspensions irradiated in air are presented in Table 7. 


TABLE 7 


Influence of initial spore populations on the Dp and Ds values of Bacillus coagulans 
in phosphate buffer pH 7.0 
Initial spore concentratior No. of replicate = ™ SS 
per tube experiments K 

110 605 

12 117.4 970 

2 121] 1300 
Che Dg values varied directly with the initial spore populations used, 
Differences in Dy, 


whereas values of Dp remained substantially constant. 
Statistical analysis 


values were well within the error limits of the method. 
of the Dp values for the set of 12 replicate runs in Table 7 yielded a 
confidence limits for Dp values 


standard deviation of 5.25 krad. The 95% 
12 ranged 


were 117.4 + 11.55 krad. Individual Dp values for the set of 
between 109.5 and 125.7 krad. An apparent logarithmic order of deat! 
by gamma radiation was therefore observed for B. coagulans and is in 
agreement with the simple target theor) 

Application of Dp values to irradiation preservation. he usefulness 
of Dp values lies in the computation of “sterilizing” doses. As an aid in the 
establishment of a food sterilization treatment, for example, it is necessary 
and the initial number of organisms 


present in the food at the time of treatment. A sterilization process can 
“sterility.” Since Dp is the dose re 


thus be calculated to any degree of 

eliminate 90% of these contaminants, it follows that a 2 x Dy 
of the original load and an 8 x Dp treatment, for 
In the experiments 


to know the appropriate Dp value 


quired te 
dose will destroy 99% 
example, will reduce the population by 99.999999%, 
reported in Table 7 where each of the 10 replicate tubes contained about 10° 
spores, the Dg was actually 8.7 x Dp, or Ds/Dp = 8.7 log cycles of 
destruction. This means that the spore concentration had been reduced 
somewhat below 0.01 per tube in a 10-tube series. The ratio of Ds/Dp 
can therefore serve as a rough guide in the evaluation and selection of 
sterilizing doses. In the food canning industry, where a somewhat analogous 
situation occurs, thermal treatments equivalent to a 12 log cycle reduction 
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in population are commonly regarded as adequate for the safety of the 
thermally processed food. 
SUMMARY 

\ multiple tube probability method for the determination of bacterial 
sensitivity to ionizing radiations is described, and its advantages are dis 
cussed based on studies of Bacillus coagulans spore resistance to gamma 
radiation. 

Factors affecting the radiosensitivity of B. coagulans spores included 
gaseous environment during irradiation, protective nature of the medium 
in which the spores were irradiated, and the initial concentration of the 
spores. Dp values were 24% greater when phosphate buffer suspensions 
were irradiated in the presence of nitrogen gas instead of air. The resist- 
ance in protein-fortified skim milk medium was 43% higher than in phos- 
phate buffer when the gaseous environment for each substrate was nitrogen 
The magnitudes of the “oxygen effect” in buffer and milk, and the 
“substrate effect” in air and nitrogen were substantially the same; the 
substrate effect was twice as pronounced as the oxygen effect. A loga- 
rithmic order of death was indicated since it was found that wide variations 
in the initial spore concentrations (10*, 10°, and 10* spores per tube) 
did not change the Dy value while Dg increased regularly with increases 
in spore population 
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The importance of lipolytic activity of microorganisms in meats, meat 
products, and dairy products held at low temperatures has been recognized 
for many years (5, 6, 7, 9). Although there have been numerous investiga- 
tions on various factors affecting the production of lipase by microorganisms, 
only a few have been concerned with the effects of temperature. Nashif and 
Nelson (10) found that Pseudomonas fragi had an optimum temperature 
around 15° C for lipase production and that several other Gram-negative 
even though 


bacteria produced maximum quantities of lipase around 20° ¢ 
(IZ). 


the optimum temperature for activity of the lipases was near 40° ( 
Greene and Jezeski (5) reported a close correlation between total bacterial 
counts and onset of lipolytic activity by a Pseudomonas species over a tem- 
perature range of 0° to 30° C. 

Balls, Matlack, and Tucker (7), in studies with pancreatic lipase, found 
that the hydrolysis of the higher, but not the lower, saturated triglycerides 
was dependent upon temperature. When the pancreatic lipase was allowed 
to act for 72 hours at 0° C, the percentage hydrolysis of each triglyceride was 
as follows : C4, 57% ; Ce, 75% ; Cs, 95% 3 Cis, 4% 3 Cis, 2% ; Cis, 3%. How- 
ever, at 40° C for 3 hours, the percentage hydrolysis of each triglyceride was: 
C4, 60% ; Ce, 76% ; Cs, 96% ; Cra, 99% 3 Cis, 97% ; Cis, 87%. 

In the above microbial investigations in which the effect of temperature 
was studied (5, 117), the substrates were coconut oil and butterfat. Both of 
these lipids contain appreciable amounts of the short-chained fatty acids. The 
fat of pork and beef contains no short-chained fatty acids; yet their deterio 
ration at low temperatures is of considerable economic importance. An in 
vestigation was initiated, therefore, to study the effect of temperature on the 
lipolytic activities of psychrophilic bacteria on animal fats. For such an in 
vestigation it was necessary to determine the best method for preparation of 
emulsions and to consider temperature and other factors involved. This paper 
is a report on the methods of study and the results of the action of a strain of 


Pseudomonas fluorescens on lard. 


EXPERIMENTAL METHODS 


The lard used was rendered in an open kettle according to standard practice without 
the addition of an antioxidant. It was packaged in 1-lb vacuum-packed cans and stored 
at —30°C until used in emulsions. Several relatively simple methods for preparing 
emulsions were tried. These were emulsification in a hand homogenizer with various 
* Presented at the Nineteenth Annual Meeting of the Institute of Food Technologists, 
Philadelphia, Pennsylvania, May 18, 1959. 

» Deceased. 
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emulsifying agents and the use of a Waring blender or Omni-Mixer” for the emulsifi 
cation of lard-emulsifier mixtures. None of these procedures gave stable emulsions for 
prolonged periods of storage. The most satisfactory stock emulsions were prepared in 
a manner similar to that described by Goldman and Rayman (4). In this procedure, 
preliminary emulsions of the lard (20% concentration), emulsifier (Astec 4135°, 2% 
concentration), and water were made at 57°C (+3°C) in a Waring blender and then 
homogenized in a Manton-Gaulin homogenizer. A 2-liter dispensing funnel served as a 
reservoir on the intake side of the homogenizer and the liquid from the discharge side 
flowed into it to permit recycling of the emulsion. The reservoir was covered and a 
stream of nitrogen was continuously introduced into this closed, recirculating system 
The temperature of the liquid was maintained at 55° to 60° C during homogenization by 
directing a stream of cold water over the homogenizer block and discharge pipe. The 
emulsion was recycled for 25 min at a pressure of 3500 psig. After homogenization it 
was placed in screw-capped bottles and autoclaved at 121° C for 15 min. When sterili 
zation was completed, nitrogen was introduced into the autoclave as the pressure dropped, 
thus filling the head space of the bottles with nitrogen. The caps were screwed on 
tightly and the bottles stored at 3° to 5° C until used. Nearly all of the globules in these 
emulsions were less than one micron in diameter, and the emulsions were stable for 
several months. Peroxide values on these emulsions ranged from 1 to 7 and remained 
practically unchanged during storage. 

The bacterium used in this investigation, ?sceudomonas fluorescens, ATCC 11251, had 
been carried in stock culture for several years. This culture was moderately lipolytic 
and would grow at a temperature as low as —4° C. 

In one series of experiments, the fat was present in the growth medium (initial pH 
7.0) and the titratable acidity was determined at intervals from this culture. Uninocu 
lated flasks incubated under identical conditions served as controls and the titratabl 
acidity of the controls was subtracted from those of the inoculated flasks to give the net 
acidities shown in the data. 

In the other series, the culture was grown in 1% peptone broth containing 0.05 M 
phosphate (initial pH 7.0 except in trials involving effect of pH) and the lipolytic 
activity of the culture supernatant determined at intervals. The supernatant was assayed 
as follows: Ten ml of supernatant containing the enzyme was added to a flask containing 
5.0 ml of a 20% lard emulsion, 10.0 ml of 0.25 M phosphate buffer (0.25 M KH2PO, 
adjusted to pH 7.0 with 0.25 M NasHPO,), 1.0 ml of 1.8% formaldehyde (final concen 
tration of 1:3000) and water to make a total volume of 50 ml. These flasks were incu 
bated at 30° C for 24 hr. Assay medium was adjusted to pH 7.0 on the basis of pre 
liminary work which showed that the optimum pH for activity of the enzyme ranged 
from 6.5 to 7.5. A similar activity range had been shown for lipase from other species 
of Pseudomonas (10), although Lubert, Smith, and Thornton (8) found an optimum pH 
of 8-9 for a strain of 7’. fluorescens. Control flasks containing equivalent amounts of 
supernatant heated to 90°-98° C for 10 min were prepared in a similar manner. The 
titratable acidities of the control flasks were subtracted from those of the inoculated 
flasks and the differences in these acidities at zero and 24 hr are the net values shown in 


the data. It was found that the difference in the zero-hour and 24-hr titratable acidities 


of the inoculated flasks gave a net acidity very close to that in which the heated cor 


flask was taken into account, and it could have been used without aff 


The titratable acidity of all samples was determined as follows: A 10-g aliquot was 
veighed into a Mojonnier fat-extraction flask and acidified with 25% HeSO, to approxi 
mately pH 2.5. Ten ml of ethyl alcohol were added and the mixture shaken thoroughly 
Samples from flasks in which the organisms were grown in the presence of iard wer« 
extracted three times with 10 ml of petroleum ether. Samples from flasks containing 
culture supernatant and buffered lard substrate were extracted twice with 20 ml of 
1:1 mixture of ethyl ether and petroleum ether. Extracts were titrated with 0.02 N 
alcoholic NaOH using phenolphthalein as the indicator. 

»The mention of specific trade names throughout this paper does not constitute en- 
dorsement of the product used over comparable equipment and materials. 

* Produced by American Lecithin Company, Inc., 57-01 32nd Avenue, Woodside, 


Long Island 77, New York 
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Four media were compared to determine which would give maximum lipase pro- 
duction when lard in a final concentration of 5% was added. These media were: 1% 
peptone broth containing 0.05 M phosphate as suggested by Nashif and Nelson (10), 
Goldman and Rayman’s medium (4) in which yeast extract was the carbon and nitrogen 
source, a mineral salts-phosphate medium (2) in which ammonium sulfate was the nitro- 
gen source, and BBL Trypticase Soy Broth. These media were inoculated with a 24-hr 
suspension of cells washed from a veal infusion agar slant. 

To determine the effect of pH on production of the lipase, peptone broth without fat 
was prepared and inoculated as described above except that the initial pH was adjusted 
as desired. The pH in one experiment was maintained within 0.2 pH units of the initial 
value by adding after each determination the amount of acid necessary to return the 
flask contents to the desired pH. 

All cultures and flasks except aerated cultures were incubated in thermostatically 
controlled water baths with a sensitivity of + 0.2° C. Aerated cultures were incubated in 
a room held at 20° C (+ 1.0° C) on a reciprocating shaker operating at 180 cycles per 
min with a stroke of 2% inches. 


RESULTS 


Results of the comparison of the 4 media for lipase production when lard was in- 
cluded in the growth medium are shown in Figure 1. The cultures grown in peptone- 
lard broth exhibited slightly higher activity than those in the Goldman-Rayman medium, 
although the difference was negligible for the first 10 days. This pattern of slightly 
greater lipolytic activity in peptone broth was repeated in cultures grown at 5° C and 
at 15°C. An additional experiment was carried out in which the culture was grown in 
these media without fat and the culture supernatant assayed for lipase activity. A similar 
slight superiority for the peptone broth was found in this comparison. On the basis of 
these findings the peptone broth was used throughout the remainder of the experiments. 

The effect of pH on the production of lipase in a lard-free medium at 20° C is shown 
in Table 1. A similar series with the culture grown at 5° C is shown in Table 2. These 
data indicate that the optimum pH for production of the lipase is around 7.0, although 
there apparently was a broader optimum pH range at the lower temperature. 

Nashif and Nelson (11) found more lipase activity in flask cultures of P. fragi than 
in cultures in test tubes; the differences in lipolytic activity, however, were less than the 
differences in total counts. Table 3 indicates that with the strain of P. fluorescens used 
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Figure 1. Lipase production at 20° C by P. fluorescens in various media containing lard. 
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Figure 2. Effect of temperature on total count and lipolytic activity in lard-peptone 
medium. 
TABLE 4 
Effect of temperature on activity of lipase produced at different temperatu s 


Lipolytic activity! of culture supernatant at 


Cultural conditions 
} Ee } 1¢ i. 


5 weeks at 1° ( 7 
3 days at 20° C 3. 
2 days at 28° C 


Ml, V NaOH 


A comparison of the 5° C curves and the 20°C curves in Figure 3 indicates that 
there was no depressing effect of temperature on lipase production at low temperatures 
as was shown for the higher temperatures. Once the lag period in lipase production was 
passed, the amount of lipase for a given number of cells grown at 5° C was at least equal 


to that for a similar count on the 20° C culture. 


DISCUSSION 


The effect of medium composition on lipase production substantiates the 
findings of others (11, 13) that microorganisms produce lipase in the absence 
of lipids and that an easily metabolized carbohydrate source retards lipase 
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Figure 3. Effect of temperature on total count and lipase production in fat-free 
medium, 


production. What might be interpreted as stimulation of lipase production by 
a simple nitrogen source probably should be interpreted as a non-specific re 
sponse to a nutritionally inadequate medium. Because of the high yield of 
cells obtained with aerated cultures, this method of cultivation is often em 
ployed to give increased enzyme production. The data presented here, how 
ever, indicate that aeration retards production of lipase, although its produc 
tion cannot be considered an anaerobic process since maximum yields were 
obtained in shallow, stationary layers of medium. 

The depressing effect of increasing temperatures on the production of 
certain enzymes was noted several years ago by Gale (3), who found that the 
production of amino acid decarboxylases by Escherichia coli was inhibited by 
raising the growth temperature. However, since the decarboxylases were 
strictly adaptive, it is of interest that a similar effect may occur with a con 
stitutive enzyme such as lipase. Additional studies have been made on the 
effect of elevated incubation temperatures on the reactions obtained in several 
tests used for the differentiation of microorganisms. These results are being 


reported elsewhere. 
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Data in Tables 1 and 2 suggest that the lipase produced by cells grown at 
low temperatures may have a slightly lower pH optimum than that of cells 
grown at higher temperatures. More evidence is necessary to show this to be 
a significant difference, but it does indicate that an active lipase can be pro- 


duced at low temperatures in acid foods. 

The observation that the quantity of lipase produced per cell at low tem 
peratures is at least as great as that produced at temperatures nearer the 
optimum for growth of the bacterium or activity of the enzyme has important 
implications in the storage of foods. Bacteria growing on food products held 


at low temperatures may not cause apparent fat deterioration as long as the 
food is held near 0° C; short periods of elevated temperature, however, could 
bring about definite lipolysis by the enzyme which had been formed at the 
lower temperature. 

Although it may be reasonable to assume that any change in lipolytic 
activity with temperature is a quantitative rather than a qualitative response, 
the effect of triglyceride chain length shown by Balls, Matlack, and Tucker 
(1) may also be involved. This point is now being investigated. In any case, 
the data reported here indicate that it is possible to use lard, when it is properly 
emulsified, as a substrate in lipolytic investigations, even though the incu 
bation temperature is low. 

SUMMARY 


A study has been made of the effect of medium composition surface-to- 
volume ratio, pH, and temperature on the production and activity of lipase by 
Pseudomonas fluorescens when lard was the substrate. 

It was found that 1% peptone broth with an initial pl] of 7.0 gave maxi 
mum lipase production. The yield of lipase per cell was much greater in 
shallow, stationary layers than in deeper layers, or in aerated cultures. The 
optimum pH for production of the enzyme was about 7.0, although it was 
produced down to pH 6.0. 

At 20°C easily detectable levels of lipase were observed in 2-3 days, 
whereas production was very slight at 30° C, even though good cell vields 
were obtained. The amount of enzyme produced per cell at 5° C was equal 
to that produced at 20° C. The optimum temperature for the lipase was neat 
40° C and was not affected by the temperature at which the cells were grown. 
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Connective tissue content (6), histological arrangement of muscle fibres 
5,6), storage history (2), ionic balance and water retention (1) are all 
considered to be factors in the tenderness of beef. In a study on aging of 
beef it became apparent that the degree of contraction in which a muscle 
enters the state of rigor mortis is highly variable among the muscles of a 
carcass and might therefore be a significant factor in eating quality. A 
study, reported in detail elsewhere (3), of striation patterns in different beef 
muscles by phase contrast and electron microscopy, has shown that four 
distinct types of fibril pattern exist, corresponding to definite sarcomere 
lengths. These are the familiar relaxed pattern, type I (3.7-2.4 mc), a well 
defined derivative pattern, type II (2.4-1.9 mc), a low contrast intermediate 
form, type III (1.8-1.5 mc) and the well known contraction pattern, 
type 1V (1.5-0.7 mc). These pattern types and their length ranges were 
the same for the different muscles examined. The recognition of the fibril 
patterns therefore offers a convenient measure of the degree of contraction. 
The distribution of these four myofibril patterns is recorded for various 
muscles representing a complete range of tenderness. 


EXPERIMENTAL 
\ll experiments were carried out on prime ox. Most muscles were sampled in the 
boning room the day following slaughter and chilling. Part of each muscle was 
in 10% formalin, while another part was left unfixed. In some cases muscles were 
excised immediately after slaughter, and samples were fixed within an hour of death 
and after standing in the cold overnight. Fixed samples were blended 5 min in water 
in a chilled blender, unfixed samples 1-2 min in 0.0817 KCl. The suspensions of myo- 
fibrils were examined directly with a Zeiss Stand W phase contrast microscope. It was 
found that rigor muscle, whether fixed or unfixed, has the same distribution of fibril 
types. With the exception of psoas and latissimus dorsi excised at death, samples were 
obtained from at least two beasts. Good agreement was observed between animals. 
Longissimus dorsi excised at death (4 samples) showed some variability in rigor and 


fixed 


a mean result is given. 

For tasting tests 3 pairs of psoas major (6 judges) and 3 pairs of ps 1nor 
(4 judges) were used. The front end of the muscle was freed on the h¢ arcass for 
about 7 inches, the flap was pinned up to relieve the weight, and the was chilled 
with its uncut companion. Muscles were excised the following day, 
and eaten at 3 days post mortem, after cooking in deep fat at 150 
temperature of 70° C 


RESULTS AND DISCUSSION 


1 


rhe distribution of pattern types in various muscles is shown in Table 
Che numerical values quoted are only very approximate visual estimate 
of the relative proportions. The tenderness and connective tissue ratings 
recorded in the table are those of Ramsbottom, Strandine, and Koonz (6). 
Variation in muscles chilled on the carcass. It may be seen that muscles 
cut from the carcass after rigor is complete fall into 2 categories, those 
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TABLE 1 


A , te er Results of 

Approximate pte ogg Oo Ramsbotton et al (6) 

Tot fibril - (106 fe = 10) - : ~ — 
ment 3.7~—2.4 2.4-1.9 1.8—1.5 1.5—0.7 Tenderness Conn 
rating 


Muscles 


tissue 
rating 
Psoas major Very tender 5 
(front end) 


Psoas minor Very tender 


(front end) 


Longissimus Slightly tender 
dorsi (near 


6th rib) 


Tensor fasciae Medium 


latae 
Semi- Slightly tough 

membranosus 
Superficial Very tough 
pectoral 


Cutaneous Very tough 


=} ] Very tough 


Latissimus 


ER 
dorsi EFP | 8 





excised in rigor mortis 

excised and fixed prerigor (one hour after death). 

excised prerigor but fixed in rigor mortis. 

cut (detached at front end only) prerigor but excised in rigor mortis 


which have only the relaxed* type I pattern (psoas, cutaneous, superficial 
pectoral) or predominantly this pattern (/atissimus dorsi), and those which 
show a broad distribution of patterns weighted towards intermediate types 
(longissimus dorsi, tensor fasciae latae and semimembranosus). The final 
state of a muscle is probably determined by the strain imposed on it in 
hanging the carcass. For example the psoas, latissimus dorsi, and cutaneous 
are obviously under tension because of the unnatural position of the legs, 
whereas the longissimus dorsi and semimembranosus are much less s¢ 
The fact that the tenderest and toughest muscles are relaxed and those 
representing the middle range of tenderness are partially contracted does 


not support a relation between tenderness and relaxation. It must be re- 
membered, however, that connective tissue content (6) is in increasing order 
hat the coarse structure and high connective 


reading down Table 1, so tl 
3 


tissue content of the last 3 muscles could be expected to outweigh the 
relaxed condition in regard to tenderness. In the medium class muscles 
both connective tissue and the degree of contraction could be significant 
contributors to toughness. The slight inferiority of the longissimus dorsi 
to the psoas for example could be in large part due to the partially contracted 
state of the former. 


his paper in th nse of muscles 


“The terms relaxed and relaxation are used in t pay 


with type I fibrils and may include muscles slightly contracted or stretched beyond th« 


“resting length,” which is not known. 
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The effect of removing restraint from the muscles. If muscles are 
excised or partially detached at death considerable shortening may occur 
as shown by the change in fibril pattern (Table 1). Generally a sudden 


shortening occurs at cutting and a further slow shortening takes place as 


rigor approaches. 
The effect of shortening on the eating quality of psoas muscle. Tasting 
experiments were done on psoas major and psoas minor muscles which had 


been cut on the carcass and allowed to shorten by 20-30%. The fibrils of 
these muscles were mainly of type IJ, whereas the fibrils of the uncut 
muscles of corresponding sides used as controls were of type I. The meat 
was cooked 3 days after death, at which time rigor has resolved but aging 
affects are slight. Of the 6 pairs, the shortened muscles were in all cases 
judged the tougher. A single psoas excised at death shortened ca 50% to 
III myofibrils and when cooked was very tough. It seems therefore, 
a good muscle where the effect of connective tissue is small, the 
state of contraction is a significant factor in tenderness. Contraction of the 
muscle progressively reduces the tenderness. This conclusion is supported 
by the work of Ramsbottom and Strandine (7) who found that beef boned 
2 hours after slaughter and chilled was tougher than beef chilled on the 
carcass. Lowe and Stewart (4) found that cutting the breast muscle of 
poultry immediately after death caused a striking increase in toughness over 
the uncut muscle when roasted. The muscle they illustrate in Fig. 7 (4) 
has shortened by 20% on cutting. 

Fortunately, the trade practice of chilling the whole carcass is a good 
one from the point of view of this factor in tenderness, as most muscles 
are prevented from shortening or restricted in shortening. In theory at 
least it should be possible to improve the quality of the /ongissimus dorsi 
for example by hanging the carcass in such a way that this muscle is 


stretched and prevented from shortening. 


SUMMARY 

[he various muscles of the ox go into rigor in widely differing states 
of contraction as defined by the striation patterns of the myofibrils. The 
final state of a muscle appears to depend on the strain imposed on it in the 
hung carcass. It may be modified by cutting or excising the muscle. There 
is no correlation between the tenderness grading of the muscles and their 
contraction state on the carcass in rigor, but this could be due to the 
dominant effect of connective tissue. Tasting tests on psoas muscles which 
had been cut at death and allowed to shorten showed they were tougher 
than controls. It is concluded that relaxed muscles are tenderer than 
partly contracted muscles and that this effect may be significant in the 


grading of muscles of low connective tissue content. 
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